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PHARMACEUTICAL COMPOSITIONS PROVIDING 
ENHANCED DRUG CONCENTRATIONS 



BACKGROUND OF THE INVENTION 

The invention relates to compositions 
' comprising a combination of a drug and a -nce^trat^ 
enhancing polymer that enhances the concentration of the 
drug in a use environment relative to control 
compositions that are free from the concentration- 

0 enhancing polymer. 

Low-solubility drugs often show poor 
bioavailability or irregular absorption, the degree of 
irregularity being affected by factors such as dose 
eve!, fed state of the patient, and form of the drug. 
, increasing the bioavailability of low-solubility drugs 
has been the subject of much research. Increasing 
bioavailability hinges on improving the concentrate of 
the drug in solution to improve absorption. 

It is known that many low-solubility drugs can 
20 be formulated so as to increase the maximum ^"""^ 
of the drug that will dissolve in an agueoue solution in 
in vitro tests. When such a drug in a solubility- 
i^roved form is initially dissolved in an environs* of 
Te! such as in gastric fluid, the solubility-irtproved 
25 form of the drug initially provides a higher 
" eventration of dissolved drug in the environment o use 
relative to other forms of the drug and relative to the 
equilibrium concentration of the drug. In 
hTs been shown that when such for^ are tested in vivo 
30 they can enhance the relative bioavailability of the 

drug, presumably by enhancing, at least te^oranly. the 
concentration of dissolved drug present in the 
gastrointestinal (GI. tract. However. . 
Low. the higher concentration obtained is often only 
35 temporary, with the solubility- improved drug form quickly 
3 everting to the low- solubility form after delivery to a 
use environment. 
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For example, it i. Known that some low- 
solubility drugs -V - for-ul-t- in highly so-ble salt 

5 to another salt form o£ the drug ^ ^ 

drug i9 sertraline^ch » the lactate^ ^ ^ ^ 

^r^a 8 :-: --ubUicy -t «- ^ 
Ltraline lactate loosed t - ^ ~ ^ o£ 
(either in vitro or in vivo, 

ertraline can quickly convert to 

solubility than sertraline >J££- , at least 

Another drug form known to P 
temporarily, increased concentrations ^ ion - ~ 
solubility drugs consists of ^ ^ often have 
orystalline form «J~J™j£to the lowest 
higher aqueous solubility relative 
solubility crystalline form and. therefore, p 
highe r concentre - ^ _ f 

arming more than one crystal 

ldent lcal es It have varying 

salt forms, solvates or y ^ 3tructure3 

rt^°3^ - • mha c :r se 

t other drug form that te^orarily 
ooncentrations in solution^ 

ref erred to herexn as high energy ^ ^ 
have higher aqueous solubility ^ 
enhanced aqueous concentration of the drug 
other crystal structures and relatrve to 
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It is also well known that the amorphous form 
o£ a low-solubillty drug that is capable of existing in 
either the crystalline or amorphous form may also 
temporarily provide a greater ag ueous co*»t»tx»of 
5 drug relative to the equilibrium concentrate of drug 
5 drug reia believed that the amorphous 

a use environment. It is oene 
,„„ ot the drug dissolves more rapidly than the 
I;Talline for!, often dissolving faster than the drug 
can precipitate from solution. As a result, the 
10 amorphous form may te^orarily provide a greater-than 

a solubilizing agent in the arug 

^rrirous eoiubiuty i8 «- T - 

•-v, a^traline As disclosed in conunonly 
agents with sertraline, a patent 

ign ed PC, - = jrcldlssolvea in agueous 

20 solution^' a solubilising agent, for 

acid, the solubility of sertraline is *— 
increased As mentioned above, when sertraline HC1 is 
increased. ch loride-containing 
dosed along with citric acia uo „_.r»liM 

25 buffer solution or the GI tract, the .»» serfral 

t^to ^Partly due to a * " " 

sertraline citrate is more soluble than sertral ne 
chloride. However, the enhanced concentration is 
typically short-lived as sertraline quickly converts to a 
ol-solubility form which could be. 
environment, the solid crystalline or amorphous HC1 
and/or crystalline or amorphous free base. 
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Yet another technique for temporarily achieving 
a greater than equilibrium concentration of drug in a use 
environment is to formulate the drug as an aqueou or 
organic solution. For example, drug can be *™°Z t £ 
5 polyethylene glycol (PEG, or an aqueous solution of W 
to Ihich an acid or base may be added or *.ta*-Y 
dissolved in an aqueous solution of an acrd or base. 
Alternatively, the drug can be dissolved in a 
Pharmaceutical acceptable organic liquid such as 

aa or triglycerides, fats or oils. 
10 glyc erol, mono-.^-. or ~- drug £orm8 shoM 

initially enhanced concentration of the drug in a use 

while a particuiar salt form of a bas.c drug may show 
improved initial aqueous concentration, the drug often 
Tpidly converts in gastric fluid to -ther salt form 
2 „ (typically the HC1 salt form, that has a 

^Librium concentration. In other cases, the drug 
Jintains acceptable solubility in the low pH » tr = 

TI dru= "eg a polymorph, dissolves, the drug often 
" p d^-c^tates or orystall.es from solution as * 
changes to a lower energy crystalline form or an 
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the drug with a polymer include Lahr et al 
Ho. 5.368.864. Kanifcanti et al.. « . 8 . 
10 No. 5,707.655, and NaKamichi et al.. U.S. 

~ ^"Cever, =~atin g an amorphous dispersion o, 
drU g and polymer.s, does ^ ^ ^ ^ 

15 drug will be altered used to form some 

^.rrsrri-. — ts «hioh 
r T^r r^rArrsurL^ions 18 

dispersions may in some oases temperature and 

ohemioally degrade over trme at «*^" * „ 
humidity levels or the drug may oonver to 

«.«-inVvLiitv amorphous or crystal n«e 
25 andl ° Wer a ngarursolubili.ationby using 

■ of drua and polymer has also been descrxbed. 
combinations of drug and P Y* 4, 344, 934 

For example, Martin et al., U.S. Patent n 

While this results in improved ^ssolutxo , 
slight enhancement of drug concentrate relative 
equilibrium concentration. Piergiorgio et al , U.S. 

» a 880 623 used solvent processing to 
Patent No. 4 < 880 '. 623 peg and adsorbed this onto 

co-precipitate nifedipine with ientg . whi i e 

polymers such as HPMC, or onto other excip 
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•ssi rrsr: sr= is.. , 

sol uMe Pol^rs on Precipitation of *S-«S 9 . «•! J. of 
inhibit preoxp, °* ^ ssolved in a mixcure of O.S > 
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co t he equilibrium ZaLTeC. 

t „at may be ^ cypical storage 

processing, that x. . prepared and 

5 conditions, that may be y o£ poorly 

10 below. 

BRIEF «« r — n th£ , 8 

If art by providing a composition comprising 
^.TCInTeoUiiity-improvea form and U, a 
concentration-enhanci^o^- ^ ^ 

£ orm in a sufficient amount so that th P ^ ^ 
P-idee a maximum concur « « th ^ ^ 
environment that is at least l£ ^ 
equll ibrium concentration ofthe drug composition 
environment without the polyme ^ ^ ^ use 

also provides a -^"^^um concentration 
environment that ^^J* comp osition that 

for a longer time than does . .„ the 

comprises an equivalent ^"^^ J^e 
solubility-improved form which is free 

— ^rr^spTof the invention, the 
concentration-enhanci, 'J^J^^ . 
su££i cient — u ^ r h ^ tnLntration-versus-time 
dissolution area under th ^ ^.^ 

curve CMC) for a perio ° f a introduction to 

the 1200 minutes immedi at ely old cnat o£ 

Che use environment that is at least 
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" — — =r=s==rr=- 

su£ ficient amount so that the«x P ^ of the 

"Teast^- o": of * 
drug that is at least 1 envi ronment of the 

15 concentration of the drug rn the use ^ ^ 

patient without the poller present ^ 

time than does the cont 

20 composition mentionea ahove.^ ^ & 

enhancing polymer is co a envir0 nment 
amount so that there is provided in the » 
of the patient a dissolution area un 

at least 

—-"^--r-^SJ^ -diets* foUowing 
9 „ minutes, ^JTJZZ^ of the patient, that 
introduction t he -e correspona ing area under the 
^e P^hv the same controi composition mentioned 

atOVe - In a sixth aspect of the invention, a method is 
•dad for co-administering to a patient m need of 
the Lg in a -uhiiftv-i^ed form, and 
(2 ) a concentration-enhancing polym r. 
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^^^r^u";-^ form- as employed 

, herein refers to a T - r r ^ — g 

s olubility relative to the least * ^ 
kno »n. Thus, the term "•^^ or has 

o£ th d g e^ ^ ei frM the scientific 

"'Tel: U e ° — — * « — - ^ 

10 or patent l^eratu ity . improve d form- .nay 

to the -vest, 9 ator A ^ ^ ^ ^ ^ 
consist of a higmy ao luble form of the 

be a composition comprising a ^ 0 . ition 
drug plus inert excipients, or .ay be a comp 
15 comprising the in a poor ^ o£ 

and one or more excipients reg ardless of the 

— -Sy /a increase*. 
length of time to £orms „ inclu de but are 

Examples of "solub llty P soluble form of 

2 „ not limited to: <» * ^ high . e „ergy crystalline 
the drug such as a salt <2^ ^ crystalline 

form of the drug, (3) a hydrate 

i= » drua- (4) an amorphous form of a arug 
form of a drug, <4> hou3 or crystalline); 

drug that may exist as eitner v „„„ ralline) and 
25 (5 , a mixture of the drug (amorphous or ^allrne) 
a solubilizing agent; or (6, a solution of the drug 

30 r/ntre—t "fuse ( such as, for example, the 
• ► tinal tract of a mammal) or a physiologically 
Vr^L"^ .uch as Phosphate buffered 
saline or a »odel Pasted ouodenal 

" ~ ~ L - "the 

temporarily, « . aH „ Q f druq in the 

1.25-fold the equilibrium concentration of drug 
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u se environment. <As used here, the term ..eguilibrium 
concentration" is defined one 
A solubility- improved form of a orug 

» n f the above definitions. 
. ^ ^ncaThe c^lUne free base and crystalline 

Chloride ---r:::r« 

relatively low solubility relativ 

- -z:^rj-t« rjmai as on e 

SSTS irstluine hydrochloride salt and the 
" crystalline^free base drn^orm^ ^ ^ ^ 

concentratron^nci, polymer has a hydrophobic portion 

PHS - Th e solid compositions of the P-"**"""" 

oenerally combinations comprising the solubility 
are generally roncenCratio n-enhancing polymer. 
2S improved form and concentrat ^ ^ 

ST E- and I".-. ntrat ion enhancing polymer ^be 

«™«ia the solid composition may oe in 
30 example, tne boj.x r wherein one or 

multi-layer tablet, as Known in th *«_ ^ 
m ore layers comprises the concentration- 
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may cc^rise the -^iUty-i^ovea J- «^ 
concentration-enhancins po « ^ 

the ^inat - -b -he ^ 8olubility . ln , rOT ea 

5 r and —a.o.-e^n ^« 

part iculate form and wherein physical 
regardless of size, retain the same COI?ventional 
propert iee that -;;rL 9 ,U such as 

m ethod used to mi* the p ym lation , wnic h does 

S - of this Mention and ar e e c ed 

- irr^rrp:^ - 

25 and polymer xs one in a i aS s-transition 

*■ ~r r i rr - 

temperature, are transi the 
► >,» hulk (i e. undispersed) polymer and orug 
the bulk (i.e inV ention, as disclosed 

compositions of the presen indiv idual 
30 ebove, the drug and £^ melting point 

- by dicing a ^ the 
c «ration-enhancing po lymer n sol ^ ^ 

35 drying '^.^^'J^clpitation by mixing a 
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thac . o£ ^J 2 r r bY 

oth er methods such that a molecular disperse ^ 
and concentration-enhancing polymer is form 

* part ° f r Q rrs c£ «*. « - 

5 „»™ a Lsic drug with high gastric (pH 1 

stomach rather than as a result £«*xU«», key 
solubility-*™- form o he ^ % 

inventive component of this l concentrati on- 
„ solubility-improved drug form with 

enhancing polymer, cases in which g enviro nment 
i. achieved solely as a result of the na 
of the stomach does not constitute a part 

invention. present invention 

The various aspects of tne pi 
20 ™- more of the following advantages. 

have one o J" ° ubluty . i ^ rovea £o rm of the drug when 

dl ssolved in the use environmen, 

concentration of drug ^I tl on-enhancing 

30 area-under-the curve i req uired to be 

. t j y-, 7 t he drug alone, wmxe 
provided by the or g inven tion, in some 

within the scope of the presen _ rovides a maximum 

the solubility-improved form provides 
aspects, the sol maximum drug 

drug concentration that exceeds Neve rtheless, 
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* -n. to the equilibrium concentration, 

• f the present invention may also provide 

5 compositions o£ the presen incre asing the 

enhanced bioavailability of the drug » use 
concentration of drug which remain drsso ^ 

■-^r^rs; - m — 

10 —oe achieved, in some aiding 
effective level to be , t lower drug dosage 

effective blood levels to be rea *"f o£ drug chat 

le vels. which in turn ^^T^biUt,. and 
" St * d ° Sed ; £T- o " dosage form depending on 

pree ent invention ^J^^ ."S^T 
the us e environment ^"^.^ tends to 
concentration is achie ipit ation or 

remain high due to ^"° n ^ P the adve rse 

crystallization of the drug, they r 

Sects of chemical ^^^TJT. bile 
environment such as chloride or hydrog ^ 
30 salts on the absorption o drug- Jhus- q£ 
* ^r=5-^ « variability on the 

- " Tr^" rc^airat^ered by. 
likely to have its pny tactions, and in turn, 

for example, various degradation reactio 
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• i ^ar-aeteristics altered during 

lts Ph=: ^:r: or ^ ***** 

fC-e -Ud amorphous dispersion of the drug 
Ln u^o delation or upon 

s storage . 

TT^JZZZ^. - oo.os.ions do no t 

the stora 9 e stahility problems o ^ 
dispersions. The compositions, being in the 

i mixtures, or simple solutions, are also easily 

15 description of the invention. 

comprise a drug in a ^^LTZ^, 
20 concentration-enhancing , polyme r £ ^ ^ ^ ^ 

n.Th^errorystanln/.orm o £ the dru 3 <..,.. a 

--^"r^Thfd^ rrxrr- - 

30 c o„centration-enhancing polymer ar ^ 

physi cal mixtures" when they a re co ^ ining ^ 

conventional mixing techniques sue 

phy sically stirring dry nts ^ „ 

dry - or wet-granulating. Thus ^ ^ 

has properties, such as -"^f te mperature in the 
crystalline drug, or glass tran 
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the drug alone. This contra me lting point is 

a3 a function o£ the drug/polymer mass rat 
aisp ersion T ^ so iubility-improved «°™ 

Tne aruy can also be combined 

th e -centration-enhanc-g P co . _ 

via co-^ iniStratl ° n ; t n r s e tra r i0 n is -ant that the 
environment. By co-admin stra ' ° ^ separately 

solubility-improved drug form ^ 
frora , buc within -e same general t me f ^ 
concentration-enhance P" 1 *"*- administered in its 
soluhility-improve.drug «- - 
own dosage form that is t polymer, which is in 

tim e as the concentr-ion-en^ ««■ ^ fcetween 
a operate dosage form The t oved 
administration of the drug in th ^ ia such cha t 

t orm and the =^"'^7^1^ environment. 
thay C0 me into P^*^^.?;,. s ame time it is 
ten they are not «-^ ,t «"* the conce ntration- 
ge nerally preferable to - = ^ of the drug in 
enhancing polymer prior t, 

the solubility-improved form. Qf 
It is known that many drugs are cap 
• -I several forms and may be formulated 
existing in several form init ially enhanced 

solubility-improved form to pro ^ ^ 

aqU eous concentration of the drug ility form 

eouilibrium concentration of the low 
Tthe drug. However, in the absence c > the 
concentration-enhancing poller the » ^ 
drug concentration can often of tne drug 

approximately the equilibrium ~~ ~ rom solution . 
s as the drug precipitates For 
r^lTghinrieTalt^may.duetothe 
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presence of other ions in the use environs*, convert to 
another salt form having a lower equilibrium 
concen ration. Dissolved drug may also change its ionic 
state for example, by probation or de-protonation, 
3 Tlting in precipitation or a 

„ lowering the pH within th .Jo£ <™ « -U ^ 
the use environment near ^"""^Jv, as the nr ug 
the local solubility of the drug^ use 
di f £ uses away from the ^ «», ^ 
environment^ increase d t o *e * ^ ^ 
20 of the solubilizmg acid, tnu 

and resulting in precipita tion of the arug. ^ ^ 
solubility-improved drug forms by ^ 
have limited success in producing the desireo 

not even reached^ _ ^ 

recognitior b y the inventors that the ^ ^ 

35 enhancing polymer. Thus, without ^« P 

m echanism of action, it is believed that the ^ 
concentration-enhancing polymers of this inve 
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Inhibitors ^^^Z^^ With 
simply combining the concentr contra st to 

the drug when the drug is m a solid form, 
the aru 3 polymer. 
5 forming a dispersion of the drug 
Alternatively, the polymer can be 

■Hhriun drug concentration and, in turn, a a 
r aillbluty in addition, when the drug is in the, 
bioavailability. 00 lvmer may be 

£orm o£ a solution in a liquid th ^ 
co-dissolved with the drug in or coating 

the liquid, or even comprise a capaule 
that contain^ li^ ^ ^ ^ ^ o£ „ 
sol id crystalline or amorphous forms and because 
Interconversion between these . very long 

U -T Ct r dis^/ir Ration to reach its 
time for the dissolved a artlut ion m any case, 

th e presence of the con concentration to 

increases the ti-. ^fJ^Z coitions of the 
fall to ^^ron^ent such as the Gl 

invention are dosed to a use en QI 
tract whe re dissolved drug ^ ^ prior to 
fluids, much or all of the drug y 

the dr ug ^-^^TS o°f Solved drug 

3 S ° 1Ubi ration^erTquilibrium drug concentration are on 
concentration over qu ^ ^ ^ ^ 

the order of 1.25 fold ^ control 

20-fold to 100-fold. For examp , ^ 

•,».« an eauilibrium concentration or l as/ 
provides an equi concentration of 

composition provides a ma .,,„,, 2 5-fold 

1.2S mg/mL. the composition provides a 1.25 
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enhancement . 
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the capacity - r/o^Hty of free 

s is. to ^'^d the conC entration-enhan=ing 

InStSad ' "Hr fly act to slow the rate o £ precipitate 
polymers prrmarrly act ^ ^ , a 

or crystallization of the ^3 oon centration- 
initially dissolved. The presence °f , 
10 enhancing polymer ( s> thus 9olubil ity- 
or enhanced concentration provided y ^ 
improv eu for. of the drug t b ^ ^ ^ ^ ^ 
maintained for at ^ case8 where oissolution 

Jor many hours, m addltlOT ' * the drug is slow and 
- the ^^^r^drug for™, In the 
precipitator, of ^ ^ tion . enhancing poly-r, is fast, 
eosence of ^^to^ntrat ion- enhancing 
the presence of the con d observed 

result in the maximum observe d in the 

bei ng substantially higher than that 

ab sence of ^ £ot improving the drug 

ooncentration involves the ^^Istolved drug to 
concentration-enhancing poly-r and^ ^ 

form -polymer/drug asse * lie ° lu polym eric micelles, 
constitute various forms, rncludr^ >J* ^ ^ ^ 
hlg h-energy polyme-drug = at^ 

a few nanometers to 1000 na m alternative 

Lg colloids or polymer drug complexes ^ ^ 

30 view is that as dissolved drug beg n begins) 

erystallize « 
the polymer adsorbs retarding the nucleation or 
preventing, or at least "»rd-g^ ^ o£ ^ 

orystal-growth process^ In. y ^ is 

35 POlV-r-— able ror absorption. Drug 

^rr-vartr drug/polymer assemhlies listed 
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above is apparently quite labile and .ay contribute to 
the drug absorption process. 

The concentration-enhancing polymers of the 

present invention provide enhanced «~^» * 
5 Lug in a use environment exceeding the *<*" llb "™ 

concentration for a longer period of time than a control 
composition comprising an equivalent quantity of drug 
the solubility-improved form when subjected to a 
dissolution test. That is. even though the control 
10 condition may provide an enhanced concentre tronof drug 
in the use environment that exceeds the equilibrium 

Oration the control does so for a shorter period 
tan the compositions of the present invention 
which contain a concentration-enhancing polymer. 
„ Preferably, the compositions of the present invention 
W provide enhanced drug concentration that exceed the 
equilibrium concentration provided by a control 
composition for a period of at least 15 minutes, 
nreferably a period of at least 60 samites, and more 
preferably a p minutes longer than 

■>n oreferably a period of at least 

does the drug concentration provided by a control 
Tolposition that does not contain the concentration- 
enhancing P^ herein| the cerm ,. conC entration of 

""id. or micelle. As used herein a -use environm nt 
30 can be either the in vivo environment of the GI tract, 
subcutaneous spaces, vaginal tract, arterial and venous 
K!^d vessels pulmonary tract or intramuscular tissue of 
a anil! such as a mammal and particularly a human, or 
Z in vitro environment of a test solution, such as 
35 phosphate buffered saline - 
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47 mM potassium phosphate, 87 mM NaCl and 0.2 mM KCl, 
adjusted to pH 6.5. An appropriate MFD solution is the 
same PBS solution wherein additionally is present 7.3 mM 
sodium taurocholic acid and 1.4 mM of l-palmitoyl-2- 
oleyl - sn-glycero- 3 -phosphochol ine . 

The inventors have found, in some cases, strong 
evidence for the existence of drug in the form of 
polymer/drug aggregates when compositions of the 
invention are dissolved in a use environment. In 
particular, it has been found that when drug, in a 
solubility- improved form, is dissolved in a use 
environment at a level that exceeds its equilibrium 
solubility value along with concentration-enhancing 
polymer, that there is a large increase in the light 
scattered by the solution. Dynamic light -scattering 
tneasurements show that when only polymer (such as HMPCAS 
or CAP) is dissolved that there are a small number of 
polymer aggregates in the 10 nm to 20 nm average size 
range. As drug is added to such solutions, there is 
generally little change in the light -scattering signal 
until the total concentration of drug exceeds the 
equilibrium solubility of the drug. At these higher drug 
levels, the lighter-scattering signal increases 
dramatically and dynamic light -scattering analysis shows 
that the average size of particles in solution have a 
much larger size, typically 50 nm to 1,000 nm, and in 
some cases from as small as 10 and up to 2,000 nm. 

NMR analysis of such solutions (formed by 
compositions of the invention) as well as chemical 
analysis of any undissolved precipitate, show that the 
particles giving rise to this light -scattering signal are 
composed of polymer and drug. Although the composition 
of these polymer/drug aggregates varies with the specific 
identity of the drug and concentration- enhancing polymer 
5 as well as their amounts, the polymer/drug aggregates 
generally contain from about 5 wt% to about 90 wt% 
polymer, the remainder comprising non- crystal line drug. 
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,„ .adiu-. u» ""'*'" 
i - — ~ "» 

time f.—^ addition _ ^ analya . s of suoh solut ions 
formed by dissolution o£ the compositions of this 

n™, in a use environment have been shown to have 
10 ^^concentrations that exceed the crystalline 
soJility by 1.5 fold to 10 fold or -~ «* that 

„ fo/one hour up to 20 hours or longer, more than 

£t ° m " position o £ the invention oan be tested in 
20 vivo or, ^re oonveniently. in vitro to asoertain whether 

• •,„<„ the scope of the invention. A composition 
it is within the scope o or an ^ 

can be dissolution-tested by adding it to a 
ration and agitating t< J^^^ that 

25 "-T- nr. ; *. «~^««-. 

thM PBS or MFD or meets one or more of the 
composition without polymer present. In add 
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drug concentration providea Us . 
than does the drug ^ conventional or 

with the composition of the presen 

■ M or in vivo solutions can be exceedingly slow, 

reS idence time of an 
requiring days or months Since ^ ^ 

orally dosed drug m the GI tract i yP 

invention the equilioriu er 

designated as the drug ~» aC T ^ s ; t as 20 us h ed herein and 

in the claims, composition in 

concentration provxaea by «t ^ 
,„ (n vitro dissolution experiments (sucn a 
30 in vitro o concentration 
i ,fvpr 20 hours, or tne Ui u y 
solutions) after 20 no measured using in 

orovided by a control composition as mea 

ments atter 20 hours, where a sufficient 
vl vo experiments after ^ 

amount of drug is in the the conCro l is 
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cases the drug concentration may still be changing after 
20 nourB. nevertheless a comparison of perforce of 
compositions of the present invention relative to an 
..equilibrium concentration" provided by a control 
, composition measured after 20 hours in a use —ronment 
allows a determination of whether compositions are wlthm 
t-he scope of the invention. 

Xitematively. the oppositions of the present 
invention provide a dissolution AUC for a period o at 

0 ieast 90 minutes during the 1200 minutes 
following introduction to the use environment that is 

"old that of a dissolution AUC provided by a control 
composition comprising an equivalent quantity of drug in 
th e solubility-improved form but not =°™^ h 
L5 concentration-enhancing polymer. Dissolution AUC is 

1 ir^ration of a plot of the drug concentration versus 
time over a specified time period. For purposes of 

d fining whether a composition or method is part of 
this invention, the dissolution AUC is calculated over a 
,„ tile period as abort as 90 minutes up to a time period as 
20 TZ aa 200 minutes. The time period may be chosen for 
any time period between the time of introduc ion into the 
Z environment ltime-0, and 1200 minutes following 
production into the uae environment. Thus aoceptabla 
25 time periods include, for example. (1) from the time of 
introduction into the use environment to 90 minutes 
following introduction into the use environment, (2) from 
h e time of introduction into the use environment to 180 
minutes following introduction into the use environment; 
30 "7 - 90 minutes following introduction into the use 
environment to 180 minutea following introduction into 
the use environment, and (4) from 300 Minutes following 
n reduction into the uae environment to 1200 minutes 
following introduction into the uae environment. 
35 composition or method is part of this invention if it 
meets the dissolution AUC criterion for at least one 
Icceptable time period. In vitro determinations of AUC 
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can be made by plotting drug concentrat »»»•»»■"- 
after dissolving the drug composition in. for example. 
PBS or MFD solution. Measurement of the AUC u. nro. 
wh ere the use environment is, for example, the 01 tract 
Is more complicated. This requires sampling the GI fluid 
I function of time and thus is iess preferred than the 

in vitro dissolution test cr the in vivo relative 

-availability.^ ^ 

comprising , th ; . mixture provides enhanced _ relative _ 
tt rivlluate/using one of the in vitro test 

m ethods and found to be a part of ^^^^ 
perform well in vivo as well. Broavarlabrlrty drug 
n the conditions or methods of the present invention 
' can be tested in vivo in animals, such as mammals and 
humans using conventional methods for maKi* . such a 
determination. A convenient measure of an vavo 
bioavailability is the "relative bioavailability. - 
n defined as the ratio of the plasma or serum AUC 
0 def inea as D iasma or serum drug 

d te:::::ion o ™ — - * — ~ 

AUG of a control composition or method that is 
5 * — : ^"r^ent invention achieves 
a relative bioavailability that is at least 1.25. 
Preferably, the relative bioavailability provrded by the 
coition of the present invention is at least I S. 
30 more preferably at least 2. and even more preferably at 

1SaSC 3 ' positions or methods of the invention pass 
either one or more in vitro dissolution tests or the 
in vivo relative bioavailability test or both in v.tro 
35 and in vivo tests. 
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The concentration of dissolved drug in a 
dissolution test is typically measured by sampling the 
test medium and analyzing for the dissolved drug 
concentration. To avoid relatively large drug 
s particulates which would give an erroneous determination, 
the test solution is either filtered or centrifuged 
dissolved drug" is typically taken as that material that 
either passes a 0.45 „m syringe filter or alternatively 
the material that remains in the supernatant following 
10 centrifugation. Filtration can be conducted using a 13 
" - Polyvinyl!— difluoride syringe fUter sold 

by scientific Resources under the trademark TITAN . 
centrifugation is typically carried out in a 
polypropylene microcentrifuge tube by centrifuging at 
about 13.000 G for about 60 seconds. Other similar 
mtration or centrifugation methods can be employed and 
useful results obtained. For example, using other, types 
71 -filters may yield values somewhat higher or lower 
« ±10 -«M than that obtained with the filter specified 
Lve but will still allow identification of Preferred 
compositions. It will be appreciated by one of ordinary 
skill that this definition of "dissolved drug" 
encompasses not only monomeric solvated drug molecules 
hut also a wide range of species such as poller drug 
assemblies that have submicron dimensions such as drug 
aggregates, aggregates of mixtures of polymer and drug. 
Scenes, polymeric micelles, colloidal particle or 
nanocrystals. polymer/drug co^lexes. and other such 
aru g-contalning species that are present in the filtrate 
or supernatant in the specified dissolution test. 

THE DRUG 

The present invention is useful with any drug 
capable of being formulated in a solubility- improved 
form. The term "drug" is conventional, denoting a 
compound having beneficial prophylactic and/or 
therapeutic properties when administered to an animal. 
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especially humans. The drug does not need to be 
sparingly soluble in order to benefit from this 
invention, although sparingly soluble drugs represent a 
preferred class for use with the invention. Even a drug 
5 that nonetheless exhibits appreciable solubility m the 
desired environment of use can benefit from the increased 
solubility/bioavailability made possible by this 
invention if the addition of the concentration- enhancing 
polymer can reduce the size of the dose needed for 
10 therapeutic efficacy or increase the rate of drug 

absorption in cases where a rapid onset of the drug's 
effectiveness is desired. 

The present invention finds particular utility 
when the drug is a « low- solubility drug", meaning that 
15 the drug may be either "substantially water- insoluble, - 
which means that the drug has a minimum aqueous 
solubility at physiologically relevant P H (e.g., P H 1-8) 
of less than 0.01 mg/mL, "sparingly water-soluble," that 
is has an aqueous solubility up to about 1 to 2 mg/mL, 
20 or' even low to moderate aqueous-solubility, having an 

aqueous-solubility from about 1 mg/mL to as high as about 
20 to 40 mg/mL. In general, it may be said that the drug 
has a dose-to-aqueous solubility ratio greater than 
10 mL, and more typically greater than 100 mL, where the 
25 drug solubility is the minimum value observed m any 

physiologically relevant aqueous solution (e.g., those 
with P H values between 1 and 8) including USP simulated 
gastric and intestinal buffers. 

Preferred .classes of drugs include, but are not 
30 limited to, antihypertensives, antianxiety agents, 

anticlotting agents, anticonvulsants, blood glucose- 
lowering agents, decongestants, antihistamines, 
antitussives, antineoplastics, beta blockers, anti- 
inflammatories, antipsychotic agents, cognitive 
35 enhancers, cholesterol -reducing agents, antiobesity 
agents, autoimmune disorder agents, ant i- impotence 
agents, antibacterial and antifungal agents, hypnotic 
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agents, ant i- Parkinsonism agents, ant i -Alzheimer • s 
disease agents, antibiotics, ant i -depressants, and 
antiviral agents. 

Specific examples of the above and other 
classes of drugs and therapeutic agents deliverable by 
the invention are set forth below, by way of example 
only Each named drug should be understood to include 
the neutral form of the drug, pharmaceutical^ acceptable 
salts, as well as prodrugs. Specific examples of 
antihypertensives include prazosin, nifedipine, 
trimazosin and doxazosin; a specific example of an 
antianxiety agent is hydroxyzine; a specific example of a 
blood glucose -lowering agent is glipizide; a specific 
example of an anti- impotence agent is sildenafil citrate; 
specific examples of antineoplastics include 
chlorambucil, lomustine and echinomycin; a specific 
example of an imidazole- type antineoplastic is 
tubulazole; specific examples of anti -inflammatory agents 
include betamethasone, prednisolone, aspirin, 
flurbiprofen and ( + ) -N-{4- [3- (4-f luorophenoxy) phenoxy] -2- 
cyclopenten-l-yl}-N-hyroxyurea; a specific example of a 
barbiturate is phenobarbital; specific examples of 
antivirals include acyclovir, nelfinavir, and virazole; 
specific examples of vitamins/nutritional agents include 
retinol and vitamin E; specific examples of beta blockers 
include timolol and nadolol; a specific example of an 
emetic is apomorphine; specific examples of a diuretxc 
include chlorthalidone and spironolactone; a specific 
example of an anticoagulant is dicumarol; specific 
, examples of cardiotonics include digoxin and digitoxm; 
specific examples of androgens include 17- 
methyltestosterone and testosterone; a specific example 
of a- mineral corticoid is desoxycorticosterone; a 
specific example of a steroidal hypnotic/ anesthetic is 
5 alfaxalone; specific examples of anabolic agents include 
fluoxymesterone and methanstenolone ; specific examples of 
antidepression agents include sulpiride, [3 , 6-dimethyl-2- 
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(2 , 4 ,6-trimethyl-phenoxy> -pyridin-4-yl) - U-ethylpropyl> - 
amine, 3 , S-dimethyl-4- (3 • -pentoxyl -2- (2 ' ,4 • . 6 ' - 
trimethylphenoxy) pyridine, pyroxidine, fluoxetine. 
Iroxetlne, venlafaxine and sertraline; spec ic examples 
s of antibiotics include ampicillin and penicillin G. 

"f = exampies of anti-in£ectivee include benzalfcomum 
chloride and chlorhexidine ; specific examples of coronary 
vasodilators include nitroglycerin and mi * 
specific example of a hypnotic is etomldate; specific 
10 eLmples of carbonic anhydrase inhibitors include 

acetazolamide and chlorzolamide; specific examples of 
antifungals include econazole. terconazole. fiuconazole 
voriconazole, and griseofuivin; a specific example of an 
antiprotozoal is metronidazole,- specific examples of 

(Ispirilene, risperidone and penfluridol 
20 examples of gastrointestinal agents include loperamide 

In! cisapride; specific exa^lss of ssrotonin antagonists 
^XuHelserln and mianserin, a specific example of 
an anesthetic is lidccaine; a specific example of a 
hypoxic agent is acetohexamide ; a speci ic example 
T ! anti-emetic is dimenhydrinate ; a specific example 
" I Z ^ bacterial is cotrimoxazole,. a specific exa^le 
o a dopaminergic agent is L-DOPA; specific 
anti-Alzheimer's Disease agents sre THA snd donepezil a 
"ecific example of an anti-ulcer agent/H2 antagonist is 
famotidine; specific examples of sedative/hypnotic agents 
include chlordiazepoxide and triazolam; a specif ic 
example of a vasodilator is alprostadil; a specific 
example of a platelet inhibitor is prostacyclin; specific 
exiles or ACE inhibitor/antihypertensive agents include 
enalaprilic acid and Usinopril; specific example of 
tetracycline antibiotics include oxytetracycline and 
^ no ycline, specific examples of macrolide antibiotics 
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include erythromycin, azithromycin, clarithromycin, and 
spiramycin; specific examples of glycogen phosphorylase 
inhibitors include [R- (R*S*) ] -5-chloro-N- [2-hydroxy-3- 
{met hoxyme thylamino } - 3 - oxo- 1 - (pheny lmethy 1 ) propyl - 1H- 
5 indole-2-carboxamide and 5-chloro-lH-indole-2-carboxylic 
acid [ (IS) -benzyl- (2R) -hydroxy-3- ( (3R,4S) -dihydroxy- 
pyrrolidin-l-yl-) -3-oxypropyl]amide. 

Further examples of drugs deliverable by 
the invention are the glucose -lowering drug 
10 chlorpropamide, the anti-fungal fluconazole, the 

anti-hypercholesterolemic atorvastatin calcium, the 
antipsychotic thiothixene hydrochloride, the anxiolytics 
hydroxyzine hydrochloride and doxepin hydrochloride, the 
ant i -hypertensive amlodipine besylate, the ant i- 
15 inflammatories piroxicam, valdicoxib, carprofen, and 
celicoxib, and the antibiotics carbenicillin indanyl 
sodium, bacampicillin hydrochloride, troleandomycin, and 
doxycycline hyclate. 

The drug is in a solubility- improved form, as 
20 defined above in the Summary of the Invention. However, 
other test media may be used to determine if a drug is in 
a solubility-improved form, the appropriate medium being 
different for each drug. Generally speaking, a 
solubility-improved drug form will provide a maximum 
25 concentration in the test medium that is greater than the 
equilibrium concentration provided by a lower solubility 
form of the drug in the same test medium. In addition, 
since the maximum concentration provided by a drug in a 
test medium is always greater than or equal to the 
30 equilibrium concentration provided by the same drug in 
the same test medium, a drug is considered to be in a 
solubility-improved form if the maximum concentration 
provided by the drug in a test media is greater than the 
maximum concentration provided by a lower -solubility form 

35 of the drug. 

One must use care when performing an experiment 
to determine if a drug is in a solubility- improved form, 
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since, as discussed above, the rate at which a 
solubility-improved drug will convert to its lowest 
energy state (e.g., the lower solubility form) will vary 
greatly from drug to drug and from test medium to test 
5 medium. As discussed above, the rate at which the 

solubility- improved form of the drug will convert to its 
lowest energy form will vary greatly from drug to drug 
and will be highly dependent on the environment of use 
under which the drug form is being evaluated. Therefore, 
10 it is desirable to evaluate the solubility improvement of 
a specific drug form in an in vitro test where the use 
environment can be carefully controlled. A drug in a 
solubility- improved form will provide, at least 
temporarily, a dissolved drug concentration in an in 
15 vitro test medium such as distilled water, or PBS or MFD 
solution at physiologically relevant pH (e.g., from 1 
to- 8), that is greater than the equilibrium concentration 
provided by the drug in a lower solubility form. It has 
been found that distilled water at 37°C is a convenient 
20 use environment for testing the solubility improvement of 
a drug form to determine whether a drug form is in a 
solubility- improved form. 

In one aspect of the invention, the solubility- 
improved form of the drug is crystalline and is a highly 
25 soluble salt form of the drug. As used herein, "highly 
soluble salt form- means that the drug is in a salt form 
that provides in at least one in vitro test medium a 
maximum concentration of the drug that is greater than 
the equilibrium concentration provided by the lowest 
30 solubility form of the drug. The drug can be any 

pharmaceutical^ acceptable salt form of a basic, acidic, 
or zwitterionic drug that meets this criteria. Examples 
of salt forms for basic drugs include the hydrochloride, 
hydrobromide, chloride, bromide, acetate, iodide, 
35 mesylate, phosphate, maleate, citrate, sulfate, tartrate, 
lactate salts and the like. Examples of salt forms for 
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acidic drugs include the sodium, calcium, potassium, 
zinc, magnesium, lithium, aluminum, meglumine, 
diethanolamine, benzathine, choline, and procaine salts 
and the like. These salts can also be used for 
5 zwitterionic drugs. 

Although essentially any salt form of a 
specific basic drug may provide a higher drug 
concentration in a use environment relative to a known 
lower solubility salt form, it is generally true that the 
10 free base or hydrochloride forms of a basic drug have low 
aqueous solubility relative to other salt forms of the 
same drug. In addition, in the use environment of the GI 
tract of a mammal, the free base and hydrochloride forms 
of a basic drug are commonly the drug forms with which 
solubilized drug will equilibrate. Thus, where the 
solubility-improved form of the drug consists only of the 
basic drug, the solubility- improved form must provide 
improved drug concentration in a use environment relative 
to the free base and hydrochloride forms of the drug. 
Preferred highly soluble salt forms are those salt forms 
that have aqueous solubility at least 1.25-fold, 
preferably at least 2- fold, and more preferably at least 
5-fold, the aqueous solubility of the more soluble of the 
crystalline free base and the crystalline hydrochloride 
salt forms. However, as described below, when the 
solubility- improved form consists of drug combined with a 
solubilizer, low- solubility salt forms or even the free 
base form of the drug may be used. 

It should further be noted with reference to 
30 low-solubility basic drugs, that they typically have 

higher solubility in the low pH gastric environment of 
the stomach relative to the solubility in the intestines 
or colon that typically have a pH of about 6 to 8 . Thus, 
even though dosing the lowest -solubility known drug form 
35 of such a drug to the gastric environment can create a 
high concentration of dissolved drug, such compositions 
and methods do not constitute part of this invention. 
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Preferably, when the solubility-improved form 
o£ the drug consists only of a crystalline salt form of a 
°L = drug 9 the solubility-improved form of the drug 
provides a drug concentration in gastric fluid or 
5 simulated gastric fluid that is greater than the maximum 
Concentration of drug provided by the free base or 
° h d rochloride salt form of the drug in the same luid. 
in addition, when the solubility- improved form of the 
orug consists only of a crystalline basic drug that is 
solubilized in the presence of gastric fluid (r e is 
mor e soluble in gastric fluid than in intestinal fluidK 
I composition comprising the solubility-improved form of 

basic drug and a concentration-enhancing polymer 
preferaby Provides improved relative bioavailability 
compared with a control comprising an equivalent amount 
of the sale drug but in a low solubility form (such as 
L hydro7hloride salt form, and an equivalent amount of 
concentration- enhancing polymer. 

An example of a basic drug having a crystalline 
highly soluble salt form is sertraline. At pH 3. 
sertraline lactate has a solubility of 256 mg/mL 
stressed as the free bass, in distilled 
the HC1 salt form has a solubility of only 3 mg/mL 
expressed as the free base. After oral delivery of 
„«traline lactate to simulated or actual gastric fluid, 
dr exchanges the lactate counterion with chloride 
- 4„ oastric fluid and precipitates or 
i0nS ZlTl Is the chloride salt and/or free base until 
r eq u b"u: concentration is reached. The equilibrium 

nlentration is lower than the maximum concentration 
concentration is The drug solubility also 

nrovided by sertraline lactate. a 

L the oH of the surrounding fluid increases 

r :r ™a - - r r 

form which has a solubility of 0.2 mg/mL at P H 7 which 
s lower than the solubility of the chloride salt for™. 
Thus, crystalline sertraline lactate is a solubility- 
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proved for. relative to the crystalline hydrochloride 
Zt and the crystalline free base for™ of sertraline. 

It should be noted that although distilled 

5 a drug is in a solubility- improved form, it is not 

generally preferred for use as an in vitro environmen of 
us e since its pH and chloride content does not reflect 
that present in a typical in vivo environment of use. 
Thus the solubility-improved form preferably provides an 
10 nuncio drug concentration relative to the eguiUbr^ 
concentration in an in vitro use environment that has 
chloride content near that of the anticipated in vivo use 
environment and a pH between about 6 and 8 

Alternatively, in another separate aspect of 
i-v,o rir-na exists in a high-energy 
15 Z::^T^T^ solubility relative to 
How-energy crystalline form, it is Xnow, . that some 
drugs may crystallize into one of several different 
c^ftal fori such crystal forms are often referred to 
2 „ ./.polymorphs." As used herein, "a high-energy 

crystalline form" ^eans that the drug is in a "Y** 1 
fo rm which provides at least in an in vitro test medium a 

concentration of the drug that is greater than 
the equilibrium concentration of the drug provided by 
n another, lower-energy crystalline form. 

An example of such a drug is the "Al" form of 
5 -chloro-lH-indole-2-carbo X ylic acid I (IS) -benzyl-3- 
, ,« 4S) -dihydroxypyrroldin-l-yl) - (2R> -hydroxy-3- 

! amide, which has a solubility in PBS of about 

30 ZZ* «" IO ™ taS 3 SOlUbiliCY " P 

only 87 f<g/mL. 

in yet another separate aspect of the 
invention, although the drug may be capable fisting 
in either the amorphous or crystalline form, in the 
3S ^ition it is in the amorphous form. - 
amorphous form provides in at least an in vitro test 
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medium a maximum concentration of the drug that is 
greater than the equilibrium concentration of the drug 
provided by the drug in crystalline form. An example of 
such a drug is 5-=hloro-lH-indole-2-carboxylic acid 
5 [(IS) -benzyl -3- (OR. 4S> -dihydroxypyrroldin-l-yl-) 
,2R) -hydroxy-3-oxypropyl) amide, the C_ of the 
amorphous form of which is 270 Mg/mL, while the C_„ 
Us crystalline form is only 160 „/*. both as measured 
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in pH 6.5 MFD solution 

in yet another separate aspect of the 
invention, the solubility-improved form of the drug is a 
mixture of the drug with a solubilizlng agent. The 
drug/solubilizing agent mixture provides at least 
temporarily in at least an in vitro test medium a maximum 
concentration of the drug that is greater than the 
equilibrium concentration of the drug 

dig without the solubilizing agent. An example of such 
a drug/solubilizing agent mixture is se " ralin * 
hydrochloride mixed with citric acid, the *^*>~™ 
solubility of which is 2S mg/m,, as compared to 3 mg/mL 
for sertraline hydrochloride, both measured at pH 3 . _ 
Examples of solubilizlng agents include surfactants; pH 
conrrol agents such as buffers, organic acids, organic 
acid salts, organic and inorganic bases, and organs and 
inorganic base salts; glyceridee; partial glycendes; 
glyceride derivatives; polyoxyethylene and 
polyoxypropylene ethers and their copolymers; «*» 
es ers^Polyoxyethylene sorbitan esters; carbonate salts; 
slxyl neonates; and cyclodextrins . In this aspect the 
Hruo and solubilizlng agent are both preferably solid 

9 There are a variety of factors to consider when 

choosing an appropriate solubilizing agent for a drug. 
^rsolLlizLg agent should not interact adversely with 
Ihe drug, m addition, the solubilizing agent should be 
, highly efficient, requiring minimal a^unts to effect the 
proved solubility. It is also desired that the 
solubilizing agent have a high solubility in the use 
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envi ronme„t. ~r acidic, basic ana ,—J.c ~ 

inorganic bases, and org generally 
taovm to be useful ^ ll "7 av f a nt h gh Z*J « 
5 aesired that these compounds * hl9 ^ ^ 

— " of acid ~ ^base solubil i 2 in 9 

generally d — able . '^t the salt formed by the ionio 

^-^irrrir-^ gisa . 

le ast 10-fold an equilibr^ ^"^^ £or 
che use environment. ^Y/^i^ude wa ter- 
this solubility-improved form of 0 9 sa£flowe r 

M i " iSCible "If ^0^: oil! coconut oil, 
oil, sesame oil, corn 01 

— oil soybea^ ^ ^ aemlsynthetic 

other mixed-oham tnglycerra miJttures 
temperature, monoglycerrdes , J ^ esCera; 

a\ and triglycerides; tatty a<-^ 
of mono-, dr , and 9 * an(J leneg lycol , 

„ater-miscible alcohols, giy 
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triglyceride), sesame QS- other key 

5 ^ ^^ 8ia (oa p r ylic/capric 

commercial materials « cl " de (1 ohain 

triglyceride), CAPMUL capyrly i mono and 

10 diglycendes) , CREMO Mlvoxy i- 8 glycerides) , 
LABRASOL (caprylocaproyl polyoxyl y^ 

rconolinoleate) , OLICMB I y p (aiethy iene 

PKCSO, '^ce-l^t^olei^CC (polyglyceryl-S 

" oL' 3 0 

dl oleate), (propylene glycol 

^laureate), CAPRy (acetylate d ^noglycerides, , 
monocaprylate) , MYVACEl ^ p LUR0 NICS 

(eorbitan fatty acid esterK ^ 

(polyoxylethylene 4 GELUCIRE 33/01 

(lauroy i poiyo^yi-- < , - - - Mixtures o£ these and 

(gl ycerol esters of fatty aa „ they 

other related materials are ^ envlr o„ment 
ar e liquid at the temperature of the 
^ch fa typically ahout 35 to «.-C. 

CONCENTRATION-ENHANCING £or 
C^ntration-enhancing ^ ^ 
us e in the various aspects of the pre 

be th in r rrxr — . - — - 

— "or so Jility m a^ solution^ 
<«i 0 vsnt nHs (e.g. - 1 - °' 
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Almost any 

a 

rruUtyTf-at least 0.1^ =- 
H the PH range of 1-. may °e 



at least some " Rlmost . 

physiologically ^ 3 an aque oue- 

3S neutral or ioni.ah le _ at least . portion 

«,«i,,KLititv of at lease u.j. a/ 
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A preferred class of concentration-enhancing 
powers arises ionizable and nonionizable ceUulosic 
pollers (including those with ether or ester or a 
Lxture of ester and ether substitute and copolymers 
S rnereof. including both so-called ..enteric and "non- 
enteric" polymers) , and vinyl polymers and copolymers 
^Ing substituents of hydroxyl. «* 
cvclicamido. It is also preferred that the 
Z Nation-enhancing polymers be "amphiphilic" » 
10 nature, meaning that the polymer has hydrophobe and 
hydrophilic portions. 

Amphiphilic and/or ionizable polymers are 
preferred because it is believed that such polymers tend 
fo have relatively strong interactions with the drug and 
15 may promote the formation of the various types of 
polymer/drug assemblies described previously In 
addition, the repulsion of the like charge o the 
ionized groups of such polymers may serve to limit the 
2 of the Polymer/drug assemblies to the nanometer or 
20 ubmicron scale. For example, while not washing to be 
bound by a particular theory, such polymer drug^ 
assemblies may comprise hydrophobic drug clusters 
surrounded by the concentration-enhancing polymer with 
h poll's hydrophobic regions turned inward towards 
25 the druTand the hydrophilic regions of the polymer 
turned outward toward the aqueous environment. 
Alternatively, depending on the specific chemical nature 
or T e drug, the ionized functional groups of the polymer 
ly a slice, for example, via ion pairing or hydroge n 
3„ bonds, with ionic or polar groups of the drug. In the 
case of ionizable polymers, the hydrophilic regions of 
The polymer would include the ionized ™' 
Such ^/concentration-enhancing polymer assembl es in 
solution may well resemble charged polymeric micellar- 
35 like structures. In any case, regardless of the 

mechanism of action, the inventors have observed that 
such amphiphilic polymers, particularly zonzzable 
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cellulosic powers such as those ^^J™ *~ 
shown to interact with drug so as to xnhxbxt xts 

CryStalUZ ShiphiUc ceUulosics .ay he prepare* by 
5 substituting the cellulosic at any or all of the 3 

hydroxyl suhstituents present on each saccharide repeat 

T r t^SSrtn -ntially 
S^JTST « substituted to a high^ough 

10 level or degree of suhstitution. can render the 
cellulosic poller essentially agueous 
Hydrophilic regions of the polymer can be either those 
portions that are relatively unsubstxtuted . sxnce 
^substituted hydroxyls are themselves "latxvely 

„ hydrophilic. or those regions that are Bubstxtuted 

h yuro P philic substitue n ts h examples - J 

20 = InTest^^^ 

20 ren/oate. or phenylate. Hydrophilic groups xnclude 

ether - or ester-linked nonicnizable groups such as the 
hydroxy alKyl suhstituents hydroxy ethyl, hydroxy propyl, 
Zl Z alky! ether groups such as ethoxyethoxy or 
and -the alley! a _ ferre d hydrophilic 

25 methoxyethoxy. Particularly p 

suhstituents are those that are ether or «" 
to the cellulose and, following substitution have 
l ire groups such as carboxylic acids, 
acids substituted phenoxy groups, amxnes, phosphates 
30 sulfites, specific suhstituents include succinate, 
citrate, pbthalate, trxmellitate, hydroxyphenoxy. 
aminoethoxy, thiosuccinate , diethylaminoethoxy, 
rrthylalxno ethoxy, sulphonate ethoxy, and phosphate 

35 eChOXy ' It should be noted that a polymer name such as 
.cellulose acetate pbthalate- (OP) refers to any of the 
famrly of cellulosic polymers that have acetate and 
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P bthalate groups attached via -^; Mrrayl 

Bi9nitic "r 1 ; v h * u. - ° £ each 

groups. Generally . 0 i to 2.9 as long as 

8U bstituent group can range „ Degree o£ 

5 the other criteria of ^f^^ of the three 
substitution" x**-^^ u 3 nlt on the cellulos e 
hydroxyls per = accha " d * ed For example, if all of 

ch ain that have have been phth alate 

the b *£Z Z hthlte degree of substitution is 3. 
10 substituted, M P £amily type are 

Also included wrthrn ^ aubs tituents 

aubstantrally alter ^ ^ ^ ^ polymer 

15 1 ,„„ llnked aubstituents are 

. . nomenclature herein, ether linked 

recited prior to „ ethyl bensoic acid 

the ether group; for examp , icuents . 
ceuulose- has recited after 

riXi^rr^ate, r — : - r 

carboxylic acid unreacted lulosic pol ymers that 

specific having hydrophilic 

rae et the definition of arcphiphi ^ ^ mp ^ 

and hydrophobic regions inc ude P »" cell ulosic 
cellulose acetate tn-nellitate <« T > » sub3ti tuents 
rep eat units that have - = r ace ta^ ^ ^ 

3„ are hydrophobic relet ve to « ^ ^ 
substituents or nave on gU ch as 

trimellitate substituents " and ^J^^ 
hydroxypropyi .ethyl ce lul - ^ unit3 

cel lulose - - ^ o£ meChoxy or acet ate 

" Xt^nl - t! the unsubstituted hydroxyl or 
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hydrox.prop.1 substituents constitute hydrophobic regions 
relative to other repeat units on the P°^- 

Non-cellulosic polymers that meet this 
definition of amphiphilioity are copolymers of a 
relatively hydrophilic and a relatively ™hoMc 
corner. Examples include acrylate and me hacrylate 

n Exemplary commercial grades of such 

Z^rl\»7Z Z E— S, which are copolymers of 
^ylates and aorylates manufactured hy Kohm Tech 
inc , of Maiden, Massachusetts. 

Exemplary ionizable polymers that are at least 
partially ionized at physiologically relevant pHs that 
L y be used as the concentration-enhancing polymer 
include: hydroxypropyl methyl cellulose *« tate 
succinate, hydroxypropyl methyl cellulose succinate 

! „,»rtvl cellulose phthalate, hydroxyethyl 
^SST^ ^ccinate, 
cellulose acetate phthalate, carboxyethyl 
carblymethyl cellulose, carboxymethyl ethyl 
0 and carLcylic acid-functionalized polymethacrylates^ 
Exemplary non-ionizable polymers that may be 
used as the concentration-enhancing polymers include: 
n mc ,fhvl cellulose acetate, hydroxypropyl 
hydroxypropyl methyl cellulose „„,. hvl 
m e th yl cellulose, hydroxypropyl cellulose methyl 
25 Tellulose, hydroxyethyl methyl cellulose hydroxyethyl 
cellulose acetate, hydroxyethyl ethyl cellulose. 
Polyvinyl alcohols that have at least a portion o their 
/e^It units in the unhydrolyzed (vinyl acetate, form, 
polyvinyl alcohol polyvinyl acetate copolymers, 
30 ^ethylene glycol, polyethylene glycol polypropylene 
gly col copolymers, poi y vin y l Py rrolidone, and 
polyethylene polyvinyl alcohol copolymers and chitan. 

One class of polymers which meets the 
retirements of the present invention includes cellulosic 
35 polymers with an ester- or ether-linked aro M tic 
substituent in which the polymer has a degree of 
substitution of at least 0.1. Exemplary aromatic 
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subs tituents include bensoate. pbenoxy ana -WW. 

or they may be f "^"^^ aold and aromatic group 
succinate group, a3 is the ca3e , 

10 Z — c acia-aubetitutea arctic 

-^lary —rc include sal icyUc 

1^, ™r„-o acias sucb ae etboxy — acia or 
t-bP various isomers ot 

ablate substituent. Exe^lary powers 
Suxoae acetate pbtbarate, m e th yi ^ acetate 
v ,,, alate ethyl cellulose acetate phthalate, 

phthaiate, ^^u-l.-. acetate 

,5 celluloae acetate tnmellitate, etnyr 

Unitate. by—opyl ^^^T^ 
trimellitate, hydroxypropyl methyl cellux 
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• ,Ti«f hydroxypropyl cellulose acetate 
trimellitate, nyu , . nropionate 

trim ellitate succinate, " t fj iutate , cellulose 
militate, cellulose butyrate lBophthalaCe . ' 

acetate terephthalate =el , salicyll c acid 

hy aroxypropyl ethylbensoi ^cid -1 acid 

acetate. _,„ Ml , r lv desirable subset o£ 

Another particularly a ^ ^ 

cellulosic ionizable polymers . are Exemplary polymers 

non-aromatic -^V^UuU acetate succinate, 
include ^droxypropyl - succinate , hydroxyprop yl 

hydroxypropyl methyl eel yl methyl 

cell ulose acetate succinate * M 
cellu lose -^r ^et^ -Hulose acetate 
cellulose succinate, 

succinate. r . £e rred polymers are hydroxypropyl 

Even more preferred p y» aceCate 

me thyl cellulose '^^cellulose phthalate. 

phthalate, **°**J™ hydroxypropyl 
me thyl cellulose acetat P cellulos e acetate 
5 cellulose acetate pht hala ^ ate md 

« im ellitate, -^""T^ ^ost preferred 
cellulose acetate ^^f^ oellu lose acetate 
polymers are hydroxypropy ^methy phthalate , 
succinate, ^roxypropyl - ".y ^ 
l0 cellulose acetate phthalate, 

trimellitate. „„ivmers have been discussed as 

specific • P°^ S xturefi o£ the pre sent 
bein9 suitable for use « tb ^ ^ ^ 
invention, blends o ?^.^ anc i ng polymer" is 
" 1:-- = of Polymers in addition to a 



single species of polymer. 
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be prepared by dry- « ^ enhancing polymer to form 

mi xture with the ^"^^ inc iude physical 
che composition. M i«ng * on and co atin g 

processing as well as we JJ ^ dQes not 

— — 

dispersion may be methods inc lude conveotive 

F or exanple. mixin9 . co nveotive 

ra ixing, shear mixing, or ^« „„ of 

m ixing involves moving "^/^ to anothe r. by 
serial from one part of * evolving screw, or an 
m eans of blades or paddles, ^ when 

inversion of ^ P° wd « ^ h e material to be mixed. 
SUP an exchange of position by 

Diffusive mixing mvolv sses ca „ be 

single particles. Thes or continuous mode, 
performed using ar e commonly used ^ 

20 Tumhling mixers e h g p , n ^ Contln uous mixing can be 

Hilling may also be willing is the 

„ f the present invention. Milling 
compositions of the P ^ size of 

m echanical process of reduc 9 ^ ^ milling «, 
solids (comminution) . Be changes 
alter crystalline structure and ^ ^ g 

£or some materials. « » £orm o£ th e drug 

chosen which do not alter the * * ^ ^ at 

ln ch e sense that the dru .and pol^ ^ and 
the molecular level to form a di P ^ the 

d rug. The »* roller and fluid energy 

rotary cutter, the «^ on the characteristics 
mi lls. Equipment choice P ^ ^ ^ 

o£ the ingredients in the g iUing techniques 

ahrasive, or th ese processes, also 

can be chosen for sever* 
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d " 9 8tabl i l-B y « a mining process if ^ feed 
^"rr^— Conventional fixing and 
mtenals are het «° 9 use ln the present 

filing processes .„ Lachman , et al.. 

mention are „ (3d Ed . 

xhe Theory and Pract corposicion3 o£ th is 

• T h e -^;; t e 3 c ^ t ined by dry - or wet-granulating 

invention may also be co condicions are chosen 

that do not transtor Dolyme r and drug. 

in addrtr invention may 

a bove. the -^^^ion of devices that 
constitute any devrc or deUvering to che us e 

accomplishes the object rv solubility - improved form 

environment both the ^^lymer Thus, in the 
and the concent'atron-enhan to a malal, the dosage form 

— ° £ ° ral t ad riayered Tablet wherein one or more 
, roy constitute a layere^ d ^ q£ ^ drug 

lay ers comprxse the sol ^ concentratlon 

a nd one or more other ^ dosage £on „ may be 

enhancing polymer. Mternat y. ^ the 

a coated tablet wherern the tablet c(OTprise s 
5 B olubility-im P roved drug form a^d the ^ 
the c-entration-— g^olyme e 

solubility-improved drug form a dl£Jerent dosage 

enhancing polymer may be administered 

forms such as tablets or ^ ^ ^ 

30 simultaneously or ^rarely conce ntration-enhancing 
solubility^ drug ^ ^ ^ ^ drug ^ 

polymer are admrn st ^ ^ ^ environment . 

polymer can * flrug £orm and the 

Mhan the eolubxlrty rmp ^ administe red 

35 ZZSZTZ^* - ferable to deliver " 

polymer prior to the drug. 
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^h-ration-enhancing polymer 
The of ~t«t- ^ ^ mixtures rf 

relative to the amount of drug P 

the present invention 9 ^ £rom 

concentration-enhancing polymer and ^ ^ ^ 
a d rug-to-polymer weight rat, 0 . po lymer ratio 

::r c rntTn ^ — ratlos o£ 

oioavailability is observed at drug J ^ ^ 
1 or less or for some drugs eve satis£aoCory 
minimum drug:polymer ratio th y determined 
results varies --/-^^dissolution tests. 

in the in vitro and/or in vi oonc entration 
in general, to max, drug-to- 

or relative bioavailability* ^^.^.^r 

polym er » tiOS . ar su P f , ; e ic "rt concentration-enhancing 
ratios, ther* , is su« c ^ ^ ^ inhibltlo „ of 

poller available xn so of drug £r om 

t he precipitation or „ traC ion of drug is 

solut icn and. thus - -^ lymer ratios , no t enough 
much higher. For nig pre sent xn 

solution and drug P * of 
occur more readily- Howev . ^ ^ ^ ±n & 

fc' concentration-enhancing poxym 

mass 

dosage form is often limbed by the ^ ^ 

reguirements of the ^ drug/poly ^r ratios 

dosing to a human is 4e81 " d ' be ^acceptably 

- ruvtrr rr/dose * . *— 

drug/polvmer ^ * e . su££i cient drug dose 

sp ecifi= dosag, . forms to P ^ ^ easlly 

in a dosage from that is » 

j -~ =. use environment. 
35 delivered to a use en 
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EXCIPIENTS AND DOSAGE FORMS 
^though the Key Ingredients present in the 

t ^ present invention are simply the arug 
^positions of «- ^^^^ £orm and the 

" he ^™l°*2^ S ^ lymer(s) , the inclusion of 
5 concentrat-n-enhanc ng P My be usef ul . The se 

other "\ C wlth the drug /polymer mixture 

excipients may be utilized wic . ableta , capsules, 

in order to formulate the ^^JLrma! 
-P-ions. powders for suspense, creams, 
10 patches, depots an the li^ ^ ^ ^ 

C^rsTe^ially any manner that does ^ 

► suitable surfactants include fatty acid and 
surfactants. Suitable s such as 

20 alxyl sulfonates; ^ avallable from 

ben2 e t hanium * oride S0DIUM (avail able 

riVlUn^odt speech ^ 

„ ^rf^,^; -e rson 
ttposorB® P-20 available trom uiy 

Hialvcerides. Such materials can 
S^TL employed to 

^Zl^^Zr^, Z a/so to inhibit 
35 Z^ZZS Potation of drug by interacting 
35 cryst , . druq by mechanisms such as 

zzz^ - — — «— 
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crystalline or amorphous. 

^solution of riln L polymer is anionic, 

citric acid or succinic disso lution of 

or , alte ^i r , ;« - acetate or 

the composition le.g., 

amines when the polymer is anronrc • ng 

Conventional - - mat agenta 
ag ents. solubi h^ ^ ^ fee added as par t of 
(disintegrants). or bind ^ granulation via wet or 

the composition aerials may comprise 

mechanical or other means. 

- - - txr.rr.s-;......; , r ». » 

20 and starch. disin tegrants include sodium starch 

sodium, methyl « 11 " 1 » e ; include met hyl cellulose. 

^ "ZXs°t i— » TO9 " eSiUm 

stearate and calcium stear " e ; excipie nts may be 
Other conventual form exc ^ 

30 employed ^ in * art. . Cenerally. 

those excrprents lubric ants, flavorants, and 

excipients such ° ^ purpose s and in 

so forth may be used effecting the 

^VTTZ^ ^^exclpients may be 

35 STL" « — the co "*° sition into 
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t abiets. capsuies, -Pensions po« r: r auspension, 
cte ams, transdermal P-^fJ^* may be used in a 

of „ater to for* a P-"-^^^.,*^ piU s. Various 
tablets; «^ t ^ 1 : gra nulated with the 
additives may be «-d g ^ ^ ^ 

surtable for the ^ dosage £orm or 

in some cases, tn e form 

particles, granules or beads that make p 
- *- superior Pe— « ooated^ ^ ^ ^ 

- rr^rrrto- : — — c 

.^a-functionaii.ed Poiyacrviate^^^ ^ ^ 

Tin" » tilled release dosage form. In one 
administered in a contro d in the 

suoh dosage form, the oomposr t o o ^ 

solubility-improved form and «« ^ 

"ay" te Trix is meant aqueous-erodible 
25 dev.ce. By an er . soluble ln the sense of 

or „ater-swellable or q dlsso lvable in pure 

entraps the mixture o aqueous -swollen 

concentration-enhancing poXyme ■ ^ „ 

3s rsrrs - use. ^ 
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che release of the drug mixture to the environment of 
UBe - Mtematively, the compositions of the present 

invention may he administered by or incorporated into 

mention may * delivered usin 9 has two 

ironed --^-Jl J^tic agent 
' ITt^ in , solubility-improved for. and the 
— — ^orUTa^lvi, 

"""" » — ~ 

v> ^ 0 n ve red via a coated hydrogel 

within a core formed by the or g 
and the water- swellable composite and ^ 

j fh . core that is water-permeable, water in 
around the core t the rethrough. In use. 

and has a least one oeuve y * „„.,__ -welling the 

the core inches water ™h the coat g, sw g^ 
w-r-swellahle compo sition a^d ^^J^ 
within the c Cre an flu d,^^ ^ intaot _ ^ 

35 composition. Becaus ext ruded out of the 

drug-containing composition is extrua 
delivery port into an environment of use. The 
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5 . m 0 f the drug in an aqueous or 

solution or suspension of the drug ^ goft 

• n«,Hd the composition can De aen 
organic liquid tne co y ^ and 

— «» - — d r r JT -e d^ge *- co^ise 
W ell understood in Che arc e xCerior shell ChaC 

. wacer-soluhle so£C or ^.f 1 ^^, bee „ dissolved 
encapsulates a vehicle ^ h^ ^ ^ ^ 
and/or suspended. E * a «*^ co noenCraClon- 
purpose are discussed a^ ^ ^ 

enhancing polymer can be dlS *f^ . che so£t or 

KLrsa :r b : r * - « - 

iOT enCion may he — ^ ^ 'stared 

in its *°™^-^™*JZ saL general time frame 

adminisCered in ICS own 9 tration . 
approximaCely Che sam« , C - *° ^ dosage £orm . lf 

enhancing polymer which » P^ ^ 
adminiscered separacely^ solubility -i m proved form 

adminiscer hoch Che d ^ ^ 

t eacn ire so -t Che two are presenc together in 
, o£ each other, s admi nistered 

th e environment * "^^.enhancin* „ 

"S^- — to tbe solubility 

J0rm ° fthe in 1:lition co the ahove additives or 
5 - of any conventional macerials and 

^rs-r Potion of suitahle dosage forms using 
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in the art « ^-^ s ;^ ntB c, «- — 

Other feature a which 
. 1^^^— of the a-— — than 
£ or limiting its intended scope. 

Examples 1-3 
Th ese examples demonstrate a composit.on 

l0 prising a mixture or an — ^ ^ 

concentration-ennancrng pol^r ^ trituge<method 

dissolution test known as the ^ o£ mixtures 

This method was used to test cel lulose acetate 
T o£ the MP grade or hydroxy yl - 7 . 2% 

15 succinate (HPHCS-P cent - ^ average 

hydroxypropoxy, 9."% *ce y manufactured by .. 

molecular weight of 10.000 to 20. , carboxylic 
Shin -so, and amorphous 5- chlorc ' 

acid UlS>-hen,V -3-((3R p amiae (aglyoogen 

20 ) - (2R> - hydroxy-3 -oxyp ro py ^ ^ 

phosphorylase inhibitor) (Drug > £orm ln 
concentration of Drug ^ ^ the c „, of the 
p H 6.5 MFD solution is 270 pgl 

"crystalline for™ is only 1£ MB A*. ty . lnprove d 

^TbHdd nHo g of Drug 1 to XX. , of 
£orm) wa8 prepared by adding 9^ ^ removed 

acetone and 6.2 g of water. spray-drying, 

£ rom this solution by ^;™ pres8ure vessel that 

th ^ drU \t;e t rgTolu 1 trora 1 t n a a c P ontrolled rate to a 

>° -rcfaltp/ay dryer ^ = ^^ 0 „. 
„on- A gueous Peed Spray Dryer . 
Soburg. Denmark) . The Nir P ^ ^ q£ . 

tM o-fluid no«le stoker that^ ^ ^ 
35 drying chamber. Nitrogen lution „as delivered 

the nozsle at 2.7 bar and the drug ^ ^ 

at a flow rate of 197 g/mm- Drying 
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t0 197 . C , was deUvered to the drying chamber through an 
to 197 u two-fluid nozzle. The 

lnl et au=t that e™ the - wich ^ drying 

apray - drl ed material exit ^ ^ 

gas through s ^ aiiwed the 

5 l^e^ated solvent to e c 

yl eld of amorphous drug was 43 *. boXi 3 . 6 mg of 

In a 37»C «^;-r g rea into eight empty 
v«v,r,u<? Druq 1 « as accurately we * 

15 ™ ^ re^— iupersatnrated 

r C h , — rSl - 

rep resents the concent rat.on rf^l 

dissolved.) Tests were per £ o™ed p ^ ^ ^ 

Centre! 1 consisted only _ w . 

Tubesl and2. For Example 1, 1.2 9 HPMCRS . 
ad ded to Tubes 3 and . For Examp e,^ *9 ^ ^ ^ 

MF was added to Tubes 5 and 6 F ^ group3 

HPMCA S-«F was added to T^bes J nd . ^ i 

and compositions ±, 

3,!, 1.1. and 1=3, "T* 1 ^-, ^ o£ a 37«C PBS 

solution (8.2 mM NaCl. 1.1 «" > The 
30 P H 290 ^sm/xg, - •^,'^. r „ a3 started, 

centrifuge tubes were closed hlghe3t 
Th e tubes were then mixed ="°^ 60 second3 . 

sp eed of a Fisher Vortex ^ Centrifuge 
The tubes were then "^^"f" a oentri£uge d at 
35 marathon. Model Micro,, an then « & ^ ^ 
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centrifuge tubes via pipette. Solids in the centrifuge 
Z: were revenue, b y mixin 9 the — 
on the vortex mixer for 30 seconds. The « ntrl£u 9 
„as returned to the centrifuge end allowed to stand 

of the compound was determined by nig y 

w mpLC) (Hewlett Packard 1100, Zorbax SB 

ir.rr^",r:tr,.. ...... m 

«- rrrrn - » — 

summarized in Table i.x. 

the concentration of drug in solution above the 
e^uilibriun, concentration provided by Control 1 for 
greater than 20 hours (1200 minutes) . 



20 



Table 1.1 




35 



The maximum concentration of drug ~* ched 
Ic , the dissolution area under a curve plotting the 
(Cmax) » cne ux . - _ a to 90 minutes 

concentration of Drug 1 versus trme from 
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after 20 hours, or 1200 
minutes, (C 120 o> wer theoretical C^. The 

— iA 1 rrr«^— that woui :: e 

theoretical C„, « "> dissolV ed. That is, the 

5 ohtained if aU « ^ „ the te3t solution in 

total mass of active drug do so iution in 

. Mg abided hv the ^-^ le , , 2 an a 3 «as 

^. As is apparent, the <~ amorphous drug 

- ^s-fold. 1.6-fold and 2 4-fold th ^ 2 ^ 3 

10 a lone (control x, , while tne fo ^ ^ d „ g 

_ n _ 3.0-, and 4.^ 
was 2 .7- , 

alone (Control 1) • 
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Table : 





(^g/mL) 


AUC 90 
(min*^/ 101 ^ 


Cuoo 
(ptg/mL) 


Theoretical 11 
(fig/mL) 1 


Example |_ 

i control 1 
(Drug 1 only) 


574 


23,500 


203 


2000 | 


[ l 

(3:1 Drug l 
HPMCAS-MF) 




62,200 


440 


2000 


i 2 

| (l-.i Drug l 

1 HPMCAS-MF) 


917 


74,200 


626 


2000 | 
2000 1 


11 3 
| (1:3 Drug 1 
HPMCAS-MF) 


1377 


98,400 


1377 
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Example 4 

This exa^le demonstrates another co^ositron 
This exd ( v ^4-r-ation-enhancing 

o£ amorphous Drug 1 and a -0^0 ^ ^ 

polymer. Amorphous Drug 1 was pr P 

Lample 1, and ^^Z^ sT^ZL in an in vitro 
powder for const. pBS trana£er tes t, 
test known as the f S " o£ an OPC dosage form 

* ^ ^ a°:ltt - acidic fluid (gastric 

(0 . 084 M HCi, O.OSS n ^ consisted of 

a 5 oo-mL diesoette flask at 3 consisted o£ 0.6 g 

g of a^rphoue Drug E «7^ cftS . MF . ^ 
o£ amorphous Drug 1 and 1.8 g inco 
oonstituents of Control 2 and Exampl ^ ^ ^ 

OPC bottles, ^JLlution was mixed for 2 

„ as added to each _ ^ M eaoh 0 PC 

minutes. Deronxzed water I ^ oontents 

hottle, each hottle was ^ opc 

„ ere added to respectrve esoette ^ 
bottle was rinsed into the respect! 
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hMBe usin g 60 mL of deionized water. Each 

twice, each time ^ for 3 0 minutes; a 

di ssoette flask was * ^ 30 

sample was taken from e chaft er ^ ^ ^ ^ 

mi nutes of stirring 0.55 mL buffer 

2 . 5X PBS (PBS solution wit as t-e ^ ^ 
sa l t concentration) were wag adjust ed to 
The P H of the solution within each 

6.5 with 10% NaOH. 90 180/ 

- « — - £ °- drops £r ;ir ch dissoette 
;r::r^ «. - — - 

minute at 13,000 G v Drug 

added to 250 ,L of Methan °\^ s ^ pLC . The results are 

concentrations were measured using 

shown in Table 2.1. 



Table 2.1 



25 



3.0 




35 



The c , the AUC 110 (AUC calculated fro. 0 tc ^ 

Tne (-max' ^ ^ . =1 r are shown in 

^ n and the theoretical ^ 

minutes) , the C 1200 and 

Table 2.2. 
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20 




Rs the data show, C„, for Kxample * consisting 
o£ the amorphous drug ^ amorphous 

X.W-fold that of control 4 „ aa 3 . £old the 

drug alone, while the W« for Example 
AUC„„ for the control 2. 

Examples 5-9 
Th ese examples demonstrate compositions of 

i mixed with varying ratios of a 
amorphous Drug 1 mixed » lC Drug x 

concentration-enhancing polymer Am P containing 
(15 mg) „ as added to microcentr ^ ^ o£ 

l-9 * of PBS solution was measured at 37°C 

shown in Table 3 . 
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30 



35 



The data in Table 3 show that even at low 
nitrations, some concentration-enhancement 
polymer concentrations, incre ased with 

was observed. However, the effect ^ ^ 

decreasing drug.polymer we.ght ratro^ 

.aximize the concentration position, 
amount of polymer must be present ,n the c 

Examples 10-11 
These examples demonstrate "f * 

- ^Tand^e^^ - 

drugs, sertraline lactate (Dru 2 * * ° o£ 
o£ th e anti-depressant dru 9 sert al ^ ^ 
sertraline lactate r 25 mg/ ^ ^ ^ ^ , 
secular werght o the fr de ^ i3 only 

r^s^^ - V" wei9ht ot the 

£r ee base), both measured at pH 3. was 

added to 0.9 mb HPLC wat wich , 

tubes, ^^^^^art concentration,, adjusted 
times the standard buffer sa ^ 
to PH 8.0, was added to Tubes 1 and 2 ^ ^ 

0.9 mL 2x PBS (PH 8.0) centering 3.6 mg 
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added to Tubes 3 and 4 . For Example 11, 0.9 mL 2x PBS 
( P H 8.0) containing 3.6 mg of CAT was added to Tubes 5 
and 6. Control 4 did not contain concentration- enhancing 
polymer! 

Dissolution performance was measured at 37 c 
using the microcentrifuge method described in Example 1. 
Samples were taken after 4, 10, 20, 40, 90, and 180 
minutes as described in Example 1. Samples were diluted 
in 35% H 2 0/65% ACN (vol . /vol . ) , and analyzed by HPLC. The 
mobile phase was 35 vol . % 0.025 M triethylamine with 
0.05M acetic acid in HPLC water in ACN. The analytical 
column used was a Phenomenex ODS 20, and the drug 
concentration was determined using diode array detection 
at 230 nm. Results of the microcentrifuge test are shown 
in Table 4.1. 



Table 4.1 





[Drug 2] (A^g/mL 


) I 


Time 
II (mins) 


Control 4 
(Drug 2 
only) 


Example 10 

(1:2 

Drug 2:HPMCAS-MF) 


Example 11 
(1:2 

Drug 2: CAT) | 


I 4 


101 


617 


456 


10 


89 


550 


376 


20 


72 


459 


321 


II 40 


67 


413 


286 


1 90 


63 


373 


283 


| 180 


60 


341 | 245 



These dete show that for the compositions 
containing a concentration-enhancing polymer the maximum 
concentration of Drug 2 was 4.5-fold to 6.1-fold that of 
Control 4 . 
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Table 4.2 



1 " 

|| Example 


c™, 

(Kg/mi.) 


AUC 180 
(min*/ig/mL) 


Theoretical 1 
(^ g /mL) || 


===== 
Control 4 
(Drug 2 only) 


101 


11,700 


1000 


10 

(1:2 Drug 2 : 
HPMCAS-MF) 


617 


70,300 


1000 


(1:1 Drug 2: 
| CAT) 


456 


50, 900 


1000 1 



Table 4.2 shows the AUC 1B0 for the composition 
containing HPMCAS-MF was 6.0-fold that of the Control 4, 
and the AUC 180 for the composition containing CAT was 
4. 4 -fold that of Control 4. 

Examples 12-14 
These examples demonstrate a composition 
comprising a drug in a highly soluble salt form (here the 
solubility-improved form) and a concentration-enhancing 
polymer. Ziprasidone mesylate (Drug 3) is the soluble 
salt form of the antipsychotic drug ziprasidone. For 
these tests, 0.5 mg drug was added to each of 8 
microcentrifuge tubes. For Control 5, no concentration- 
enhancing polymer was added to Tubes 1 and 2 . For 
Example 12, 1 . 0 mg of CAT was added to Tubes 3 and 4 . 
For Example 13, 1 . 0 mg of CAP (NF grade from Eastman Fine 
Chemical of Kingsport, Tennessee) was added to Tubes 5 
and 6. For Example 14, 1.0 mg HPMCP (NF grade from 
Eastman Chemical Company) was added to Tubes 7 and 8. 

Dissolution performance was measured at 37°C 
using the microcentrifuge method described in Example 1. 
For each test, 0.616 mg of Drug 3 was added to the 
microcentrifuge tube. At time 0, 1.8 mL PBS was added to 
each of the tubes. Drug concentration was measured using 
HPLC, with a mobile phase of 60 vol. % 0.02 M KH 2 PO«, 
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pH 3.0 in ACN, and diode array detection at 2 54 ran. 
Results of the dissolution tests are shown in Table 5.1. 



10 







[Drug 3] 


(/ig/mL) 




Time 
(mins) 

10 


Control 5 
(Drug 3 only) 


Example 12 
(1:2 Drug 
3 : CAT) 


Example 13 
(1:2 Drug 
3: CAP) 


Example 14 
(1:2 Drug 
3:HPMCP) 


3 


23 


18 


22 


20 


11 


23 


21 


18 


40 


6 


11 


22 


6 


90 


7 


6 


25 


6 


| 180 


1 


5 


23 


12 



Table 5.2 reports C^, AUC 180 and theoretical 
Cmax . The C,,, of Examples 12-14 were 2.0- fold to 2.3-f« 
that of Control 5, while the AUC 180 for Examples 12-13 
were 1.6- fold to 4.0- fold that of Control 5. 



Table 5.2 











Theoretical 


25 


Example 


(^g/mL) 


AUC 180 
(min*jug/mL) 


(/zq/mL) 1 




Control 5 
(Drug 3 
only) 


11 


1000 


342 


30 


12 

(1:2 Drug 
3 :CAT) 


23 


1600 


342 I! 




13 


25 


4000 


342 


35 


(1:2 Drug 
| 3 :CAP) 








1 14 
(1:2 Drug 

1 3:HPMCP) 


22 


1600 


342 



40 
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Examples 15-16 
These examples demonstrate compositions of a 
drug in a high-energy crystalline state (here the 
solubility- improved form) and a concentration-enhancing 
polymer. The mesylate salt of the epidermal growth 
factor receptor tyrosine kinase inhibitor (EGPR-TK 
inhibitor) [6,7-Bis(2-methoxy-ethoxy)-quinazolin-4-yl]- 
(3 -ethynyl -phenyl) amine (Drug 4) has been isolated in 
various polymorphs with different solubilities. The "A" 
form, for example, has a solubility of 102 /zgA/mL in 
water, while the »C« form has a solubility of 28 £tgA/mIi . 
These polymorphs are metastable forms that can 
interconvert rapidly with more stable forms to reach a 
lower equilibrium concentration in the environment of 
15 use. in these examples, the "A" polymorph was studied. 

For these tests, 2.5 mg of polymorph "A" of 
Drug 4 was added to each of 6 microcentrifuge tubes. For 
Control 6, no concentration-enhancing polymer was added 
to Tubes 1 and 2. For Example 15, 1.2 mg of HPMCAS-MF 
was added to Tubes 3 and 4 . For Example 16, 1.2 mg of 
HPMCP was added to tubes 5 and 6. 

Dissolution performance was measured at 37°C 
using the microcentrifuge method. At time 0, 1.8 mL PBS 
was added to tubes 1 to 6 . Drug concentration was 
25 measured using HPLC. The mobile phase was a 55/45 (v/v) 
mixture of 0.2 wt% trif luoroacetic acid adjusted to pH 
3.0 with ammonium hydroxide in HPLC water and 85/15 (v/v) 
acetronitrile/isopropyl alcohol. The analytical column 
used was an Inertsil C8, and the drug concentration was 
determined using diode array detection at 252 nm. 
Results of the dissolution tests are shown in Table 6.1. 



30 
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Table 6.1 







[Drug 4] (A*g/mD 


5 


Time 
(mins) 


Control 6 
(Drug 4 only) 


Example 15 
2.1:1 
(Drug 4: 
HPMCAS-MF) 


Example 16 
2.1:1 
(Drug 4 : 1 
HPMCP) 1 




4 


17 


287 


164 1 




10 


18 


113 


41 II 


10 


20 


21 


34 


32 | 




1 40 


14 


36 


44 | 




1 90 


18 


29 


49 




\ 1200 


10 


r 32 


121 || 



Table 6.2 shows the for the composition 
containing HPMCAS-MF (Example 15) was 13.7-fold that of 
Control 6, while the AUC 90 was 3.2-fold that of Control 6. 
The C max for the composition containing HPMCP (Example 16) 
was v's-fold that of Control 6, while the AUC 90 was 
2.9-fold that of Control 6. 



Table 6.2 



25 


Example 


(^g/n\L) 


AUC 90 
(min*^g/mL) 


(//g/mL) 


Theoretical II 




Control 6 


21 


1500 


10 


1391 ll 




(Drug 4 only) 










30 


15 


287 


4800 


32 


1391 


(2.1:1 Drug 
4-.HPMCAS-MF) 












16 


164 


4400 


121 


1391 


35 


(2.1:1 Drug 
|| 4: HPMCP) 











Example 17 

This example demonstrates a solubilizing agent 
mixed with the drug as the solubility- improved form of 
the drug. The solubility of sertraline HCl {Drug 5) at 
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37°C was determined at pH 3.1 in water (adjusted to pH 
3.1 with acetic acid) and in saturated citric acid at the 
same pH. As shown in Table 7.1, the solubility of Drug 5 
was dramatically increased in the presence of citric 
5 acid, giving a solubility- improvement factor of 9.3. 

Thus, citric acid is an excellent solubilizing agent for 
Drug 5. 

Table 7.1 



10 



1 Driia Form 


Sertraline HL'i 1 


iDrua 5 




Drug 5 


in saturated 


28 


II ri trie 


arid _. 





For Example 17, a solution was prepared 
containing 1,000 pig/xaL Drug 5, 500 /ig/mL citric acid, and 

20 1,000 /ig/mL HPMCAS-MF in phosphate buffer (pH 7.9). For 
Control 7, solution containing no concentration-enhancing 
polymer was prepared. 

Dissolution performance was measured at 37°C 
using the microcentrifuge method described in Example 1. 

25 Samples were taken at 15, 30, 60, 120, and 240 minutes as 
described in Example 1 and analyzed for Drug 5 using the 
same procedure described in Example 10. The results of 
these tests are shown in Table 7.2, with various 
calculated values reported in Table 7.3. 

30 

Table 7.2 



35 





rime 
(mini 


liJrug t»j || 
(na /ml*) J 


17 


15 


106 




30 


94 | 




60 


55 II 




120 


59 || 




240 


58 




5 






15 


64 


r 


30 


52 




60 


55 1 




120 


52 




240 
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Table 7.3 









Theoretical 11 




• c max 


AUC 120 




|| Example 


(/^g/mL) 


(min*Mg/mL) 


(^g/mL) 1 


| Example 17 


106 


8700 


1000 1 


|| Control 7 


64 


6500 


1000 1 



These data show that the addition of the 
concentration-enhancing polymer HPMCAS resulted in a C raax 
for Example 17 that was 1.7-fold that of Control 7. In 
addition, the AUC l20 was 1.3-fold than that of Control 7. 

EXAMPLE 18 

This example demonstrates the use of the 
present invention in vivo. Aqueous solutions of a 
soluble drug form and a concentration-enhancing polymer 
were administered to dogs. The solubility- improved drug 
form was the mesylate salt of the drug 4- [3- [4- (2- 
methylimidazol-l-yl) phenylthio] phenyl] -3 , 4 , 5, 6- 
tetrahydro-2H-pyran-4-carboxamide hemifumarate (Drug 6) . 
For this drug, the solubility of the hydrochloride salt 
is 0.37 mgA/mL at pH 4, while the solubility of the 
mesylate salt (the solubility- improved form of the drug) 
is 3.7 mgA/mL at pH 4 . The solubility of both of these 
drug forms decreases with increasing pH. At pH 7, the 
solubility of the hydrochloride salt is 0.0009 mgA/mL, 
and the solubility of the mesylate salt is 0.0042 mgA/mL. 
Ideally, it would be useful to maintain the higher 
solubility of the solubility- improved drug form in 
gastric fluid, and also to maintain the drug 
concentration as the pH increases in intestinal solution. 

Example 18 was prepared as a suspension 
containing 15 mgA Drug 6 in a 1:10 (w/w) Drug 6/HPMCAS-LF 
physical mixture. Control 8 contained no HPMCAS. The 
suspension compositions for Example 18 and Control 8 are 
presented in Table 8.1. 
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Table 8.1 



Component 


—Example 1U 


Uontrol y | 


Drug 6 (0.814 
potency) 


0.246 


0 . 246 1 


HPMCAS 


2.000 




Sterile water 


40 
2.9 


40 1 

4.1 1 



After an overnight fast, dogs were dosed with 
20 mL of the suspension, followed immediately by a 10 cc 
flush of air via a surgically-placed access port, 
directly into the ascending colon. Blood (5 mL) was 
collected from the jugular vein pre-dosing and at hours 
0.25, 0.5, 1, 2, 4, 6, 8, 12 and 24 post-dosing. 

Plasma concentrations of Drug 6 in standards, 
controls and study samples were determined by LC/MS 
analysis. Aliquots of 100 /xL of plasma from samples, 
standards and controls were added into the appropriate 
wells of a 96 -well plate followed by addition of 5 (ih of 
internal standard (IS), 4- [5-Fluoro-3- [4- (2- 
methyl imidazol - 1 -yl ) benzyl oxy] phenyl ] - 3 , 4 , 5 , 6 - tetrahydro- 
2H-pyran-4-carboxamide (10 /zg/mL in 50/50 
acetonitrile/water) into each well; followed by the 
addition of 100 nl. acetonitrile into each well. After 
vortexing and centrif ugation (5 minutes at 1730 G) , the 
supernatant of each well was transferred to a new well of 
a 96-well plate and 20 /iL was injected onto a LC/MS 
system. The reverse -phase HPLC system consisted of a 
Waters C18 Symmetry® analytical column (2.1 mm X 150 mm). 
The mobile phase solvents were: solvent A = 5 mM ammonium 
acetate, with 1% isopropyl alcohol per liter of mobile 
phase and solvent B = acetonitrile, with 1% isopropyl 
alcohol per liter of mobile phase. The gradient was 
0-3.0 minutes, 100% A to 0% A, at 3.1 minute switch back 
to 100% A, at a flow rate of 0 . 5 mL/min. Retention times 
for Drug 6 and IS were both approximately 2.6 minutes. 
Detection was accomplished by a SCIEX PE API-150 mass 
spectrometer equipped with a Turbo IonSpray interface. 
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The positive ions were monitored for the quantification 
of Drug 6 (m/z 394.1) and IS (ra/z 410.3), respectively. 
The ratio of peak area responses of Drug 6 relative to 
the internal standard was used to construct a standard 
5 curve using a linear least square regression with a l/x2 
weighting. The lower limit of quantification (LLOQ) and 
upper limit of quantification (ULOQ) of the plasma assay 
were 0.01 and 5 ng/mL, respectively. The performance of 
the assay was monitored by the inclusion of quality 

10 control samples prepared in dog plasma. 

Pharmacokinetic data are presented in Table 
8.2, where is the maximum observed plasma Drug 6 
concentration, averaged over the number of dogs dosed 
with each form. AUC 1200 is the average area under the 

15 plasma Drug 6 concentration vs. time curve from 0 to 24 
hours (1200 minutes) . 



20 



25 



30 



35 




1 The average weight of the dogs used in this study 
was around 9 kg 

2 Number of dogs studied 

These data demonstrate that the physical 
mixture of HPMCAS and Drug 6, when colonically dosed to a 
beagle dog, gave a higher systemic Drug 6 exposure than 
that obtained by dosing the Drug 6 alone. The C^, and 
AUC 1200 for the HPMCAS form was 5.0-fold and 3.1-fold that 
of the control, respectively. These data demonstrate the 
utility of the invention in delivery of compounds to the 
colon. 



WO 01/47495 



PCT/IB00/01787 



68 

EXAMPLE 19 

Example 19 demonstrates a composition similar 
to that used in Example 18 that was also tested in vitro 
as follows. Example 19 was prepared by first adding 
5 20 mL deionized water to a small glass beaker, and 

adjusting the pH to between pH 1 and 2, with 10 M HCl . 
Next, 100 mg of Drug 6 was dissolved in this solution by- 
stirring for 5 minutes. During this time the pH remained 
in the range of 1-2, resulting in a final Drug 6 
10 concentration of 5 mg/mL. 

This mixture of Drug 6 was then equally divided 
into two small glass beakers, each containing a magnetic 
stir bar. A 10 mg sample of HPMCAS-LF was added to one 
beaker (Example 19) and no concentration-enhancing 
15 polymer was added to the second beaker (Control 9) . 
Thus, the drug/polymer ratio in this test was 1:4 
(wt:wt) . The pH of both was then adjusted to pH 6.8 
using 0.1 M and 0.01 M NaOH. The beakers were covered 
and the mixtures stirred. 
20 Samples (= 1 mL) were taken at 60, 120, 180, 

240 and 1440 minutes using a glass Pasteur pipette. Each 
sample was transferred into a 1.0 mL plastic syringe with 
a Gelman Acrodisc 1.2 syringe filter attached. The 
sample was then expelled through the filter into a glass 
25 HPLC injection vial, capped, immediately assayed by HPLC, 
and compound concentration calculated. Samples were 
analyzed using a Zorbax C8 Reverse Phase, 5/im, 4.6 x 
150 mm column with detection at 264 nm. 

The results of these tests are given in Tables 
30 9.1 and 9.2. They show that the C^ of Example 19 was 
2.5-fold that of Control 9. In addition, the AUC 180 for 
Example 19 was 3.7-fold that of Control 9. These data 
agree well with the in vivo tests described in 
Example 18. 
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Table 9.1 



5 



10 





— TDrug bj 

(lig/mL) II 


Time 


Example iy 
(1:4 Drug 6 : 


Control 9 
fnrua 6 onlv) 


60 


46 




120 


52 




180 


47 




240 
IMS 


51 





Table 9.2 



r 

Sample 


(/zg/mL) 


AUU 180 

(min*/ig/mL) 


Theoretical I 


Example 19 
(1:4 Drug 6: 
HPMCAS-LF) 


52 


7290 


250 


Control y 
m-ruq 6 onlv) 


21 


1950 


250 



Example 20 

The formation of polymer /drug aggregates in 
solution was demonstrated using dynamic light -scattering 
analysis. Varying amounts of amorphous Drug 1 and 
HPMCAS-MF were added to PBS, and light -scattering was 
measured using a PSS-NICOMP 380 Submicron Particle Sizer. 
For these experiments, 0.1, 1.0, 10.0, 25.0, or 50.0 mg 
of solid amorphous Drug 1 was added to a mortar with 
200 mg of HPMCAS-MF, and mixed using a spatula. Each 
drug/polymer mixture was then added to 50 mL PBS 
equilibrated to 37°C for two hours. Table 10 shows the 
final polymer and drug concentrations present in the 
solution. After 2 hours, 1 mL of solution was removed 
and centrifuged at 13,000 rpm for five minutes. Dynamic 
light -scattering (based on diffusion of particles) of the 
supernatant of each of the centrifuged solutions was 
measured, and the size of any drug and polymer particles 
in the solution was calculated. Concentrations of drug 
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and polymer in solution, and the corresponding average 
particle size for the bulk of particles in solution are 
shown in Table 10. It should be noted for solutions 
No. 5 and No. 6, the value reported is an average with 
5 approximately 85% of the particle volume being within 
about 3 0% of this average size. 



Solution 
No. 


Drug l 
Concentration 
(mg/mL) 


HPMCAS-MF 
Concent rat ion 
(mg/mL) 


Particle II 
Size 
(nm) 1 


1 


0 


2.0 


12 


2 


0.002 


2.0 


18 


3 


0.02 


2.0 


16 


4 


0.2 


2.0 


14 


5 


0.5 


2.0 


84 


6 


1.0 


2.0 


83 | 



When no drug is present (solution No. 1), small 
particles about 10 to 20 nm in size are present due to 
aggregation of the polymer (HPMCAS-MF) , likely as a 
result of its amphiphilicity . At low concentrations of 
amorphous Drug 1 (0.002 to 0.2 mg/mL), light-scattering 
shows only small particles in solution (about 10 to 20 nm 
in size), as are present for polymer alone. For higher 
concentrations of amorphous Drug 1 (a0.5 mg/mL), which 
are above the solubility of amorphous Drug 1 
(approximately 0.2 to 0.4 mg/mL) particles are present 
with an average size of about 80 to 85 nm. This 
demonstrates the formation of polymer/drug aggregates in 
solution, and shows that the amount of drug required for 
aggregate formation is approximately equal to or greater 
than the amorphous drug solubility. 

The concent rat ion -enhancement provided by these 
polymer/drug aggregates was demonstrated for Drug 1 
concentrations higher than those shown in Table 10 (much 
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greater than the amorphous drug solubility) . For the 
dissolution test described in Example 9, 10.0 mg/mL 
amorphous Drug 1 was added to PBS at 37°C, with 20 mg/mL 
HPMCAS-MF. The control for Example 9 was amorphous drug 
5 alone. Drug 1 concentrations measured at 1.5 hours 
showed 224 ixqfmL for amorphous drug alone, and 
8,099 fxg/mL for Example 9. The ratio of drug to polymer 
for Example 9 corresponds to the ratio used in solution 
No. 6 above (Table 10) . The formation of drug/polymer 
10 aggregates in solution allowed Drug 1 to remain in 
solution at a concentration far in excess of its 
amorphous solubility. 

To determine the drug/polymer aggregate 
compositions, solutions No. 4, No. 5, and No. 6 above 
15 (Table 10) were made again and analyzed using HPLC and 
NMR. Drug and polymer were added to PBS at 37°C. Two 
hours after the addition of drug and polymer samples were 
centrifuged (13,000 rpm for 5 minutes). The 
concentrations of free drug and free polymer in the 
20 supernatant were determined by NMR. HPLC was used to 
determine the total amount of dissolved drug in the 
supernatant following centrifugation which consists of 
"free" (solvated) drug and drug in polymer/drug 
aggregates. The centrifuged precipitate was dissolved in 
25 DMSO and analyzed by NMR to obtain the concentrations of 
drug and polymer. The amount of drug contained in the 
drug/polymer aggregates was found by subtracting the 
concentration of free drug in the supernatant from the 
total dissolved drug. The amount of polymer contained in 
30 the drug/polymer aggregates was found by subtracting the 
free polymer and the polymer in the precipitate from the 
total polymer dosed. The results are shown in Table 11 
below. 
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Table 11 



5 


Solu- 
(No.) 


Total 

Cone 
(;ig/mL) 


HPMCAS- 
MP 

(/ig/mL> 


Free 
Drug l 
Cone. . 

In 
Solu- 
tion 
{^ig/mL) 


Free 
Polymer 
Cone . 
in 

Solu- 
(^g/mL) 


Total 

DiB- 
itig/mL) 


Drug 1 
in Pre- 
cipitate 
l^g/mL) 


Poly- 
mer in 
Precip- 
itate 
Ug/mL) 


Drug 1 

in 
Aggre- 
gates 


Poly- 
Aggre- 1 
(Aig/mL) || 


10 




200 


2000 


166 


1770 


198 


0 


0 


32 


230 




5 


500 


2000 


265 


1367 


462 


47 


86 


197 


545 A 




6 


1000 


2000 


301 


1004 


542 


377 


535 


241 


461 H 















15 The data in Table 11 show that for drug 

concentrations exceeding the solubility limit (solutions 
No. 5 and No. 6) , a large percentage of the total soluble 
drug is contained in drug-polymer aggregates. In 
addition, the free drug concentration for solution No. 6 
20 is about 3.8-fold the solubility of the crystalline 

Drug 1 (80 //g/mL) and about 1.5- fold the solubility of 
amorphous Drug 1 (200 A*g/mL) . 

The terms and expressions which have been 
employed in the foregoing specification are used therein 
25 as terms of description and not of limitation, and there 
is no intention, in the use of such terms and 
expressions, of excluding equivalents of the features 
shown and described or portions thereof, it being 
recognized that the scope of the invention is defined and 
30 limited only by the claims which follow. 
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1. A composition comprising: 

(a) a drug in a pharmaceutical^ acceptable 
solubility- improved form; and 

(b) a concentration-enhancing polymer 
combined with said solubility- improved 
form in a sufficient amount so that said 
composition provides, after introduction 
to a use environment, a maximum 
concentration of said drug in said use 
environment that is at least 1.25-fold an 
equilibrium concentration of said drug in 
said use environment, and a concentration 
of said drug in said use environment that 
exceeds said equilibrium concentration 
for a longer time than the concentration 
of said drug in said use environment 
provided by a control composition exceeds 
said equilibrium concentration, wherein 
said control composition is free from 
said concentration-enhancing polymer and 
comprises an equivalent quantity of said 
drug in said solubility- improved form. 

2. The composition of claim 1 wherein said 
drug in said solubility- improved form is a crystalline 
highly soluble salt form of said drug. 

3. The composition of claim 1 wherein said 
drug in said solubility- improved form is a high-energy 
crystalline form of said drug. 

4. The composition of claim 1 wherein said 
drug in said solubility- improved form is amorphous. 

5. The composition of claim 1 wherein said 
drug in said solubility- improved form is a composition 
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comprising a mixture of said drug and a solubilizing 
agent . 

6. The composition of claim 1 wherein said 
5 drug in said solubility- improved form is a solution of a 
drug substantially dissolved in a liquid to a 
concentration that is at least 10-fold said equilibrium 
concentration of said drug in said use environment. 

7 The composition of claim 1 wherein said 
concentration-enhancing polymer has a hydrophobic portion 
and a hydrophilic portion. 

8 The composition of claim 1 wherein said 
15 concentration-enhancing polymer is. a cellulosic ionizable 

polymer that is soluble in said use environment when 
ionized. 

9. The composition of claim 8 wherein said 
20 polymer is selected from the group consisting of 

cellulose acetate phthalate, methyl cellulose acetate 
phthalate, ethyl cellulose acetate phthalate, 
hydroxypropyl cellulose acetate phthalate, hydroxypropyl 
methyl cellulose acetate phthalate, hydroxypropyl 
25 cellulose acetate phthalate succinate, cellulose 

propionate phthalate, hydroxypropyl cellulose butyrate 
phthalate, cellulose acetate trimellitate, methyl 
cellulose acetate trimellitate, ethyl cellulose acetate 
trimellitate, hydroxypropyl cellulose acetate 
30 trimellitate, hydroxypropyl methyl cellulose acetate 
trimellitate, hydroxypropyl cellulose acetate 
trimellitate succinate, cellulose propionate 
trimellitate, cellulose butyrate trimellitate, cellulose 
acetate terephthalate, cellulose acetate isophthalate 
35 cellulose acetate pyridinedicarboxylate, salicylic acid 

cellulose acetate, hydroxypropyl salicylic acid cellulose 
acetate, ethylbenzoic acid cellulose acetate, 
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hydroxypropyl ethylbenzoic acid cellulose acetate, ethyl 
phthalic acid cellulose acetate, ethyl nicotinic acid 
cellulose acetate, and ethyl picolinic acid cellulose 
acetate. 

5 , 

10. The composition of claim 8 wherein said 

polymer is selected from the group consisting of 
hydroxypropyl methyl cellulose acetate succinate, 
hydroxypropyl methyl cellulose phthalate, cellulose 
10 acetate phthalate, and cellulose acetate trimellitate. 

11. The composition of claim 1 wherein said 
polymer is a non-ionizable cellulosic polymer. 

15 i2. The composition of claim 11 wherein said 

polymer is selected from the group consisting of 
hydroxypropyl methyl cellulose acetate, hydroxypropyl 
methyl cellulose, hydroxypropyl cellulose, methyl 
cellulose, hydroxyethyl methyl cellulose, hydroxyethyl 

20 cellulose acetate, and hydroxyethyl ethyl cellulose. 

13. The composition of claim 1 wherein said 
polymer is an ionizable, non-cellulosic polymer. 



25 



14. The composition of claim 1 wherein said 
polymer is a non-ionizable, non-cellulosic polymer. 

15. The composition of claim 1 wherein said 
composition provides a dissolution area under the 
concentration versus time curve in a use environment for 
a period of at least 90 minutes during the 1200 minutes 
immediately following introduction to said use 
environment that is at least 1.25-fold the corresponding 
area under the curve provided by said control 
composition. 
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16. A composition comprising: 

(a) a drug in a pharmaceutical^ acceptable 
solubility- improved form; and 

(b) a concentration- enhancing polymer 
combined with said drug in a sufficient 
amount so that said composition provides, 
after introduction to a use environment, 
a dissolution area under the 
concentration versus time curve in said 
use environment for a period of at least 
90 minutes during the 1200 minutes 
immediately following introduction to 
said use environment that is at least 
1.25- fold the corresponding area under 
the curve provided by a control 
composition, wherein said control 
composition is free from said 
concentration- enhancing polymer and 
comprises an equivalent quantity of said 
drug in said solubility-improved form. 



17. A composition comprising: 

(a) a drug in a pharmaceutical ly acceptable 
solubility- improved form; and 

(b) a concentration- enhancing polymer 
combined with said drug in a sufficient 
amount so that said composition provides, 
after introduction to a use environment, 
a relative bioavailability of at least 
1.25. 

18. A method of administering a drug 
comprising co- administering to a patient in need of said 
drug : 

(a) a drug in a solubility- improved form; and 

(b) a concentration- enhancing polymer; 
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wherein said concentration-enhancing polymer is 
co-administered with said solubility- improved form in a 
sufficient amount, so that after introduction to a use 
environment, a maximum concentration of said drug in said 

5 use environment is provided that is at least 1.25-fold an 
equilibrium concentration of said drug in said use 
environment provided by a control composition; 

and wherein a concentration of said drug in 
said use environment is provided that exceeds said 

10 equilibrium concentration for. a longer time than the 
concentration of said drug in said use environment 
provided by said control composition exceeds said 
equilibrium concentration; 

and wherein said control composition is free 

15 from said concent rat ion -enhancing polymer and comprises 
an equivalent quantity of said drug in said solubility- 
improved form. 
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19. The method of claim 18 wherein said drug 
is administered separately from said concentration- 
enhancing polymer. 

20. The method of claim 19 wherein said drug 
and said concentration-enhancing polymer are administered 
at essentially the same time. 

21. The method of claim 18 wherein said drug 
is administered in a composition also comprising said 
concentration-enhancing polymer. 

22. A method of administering a drug 
comprising co-administering to a patient in need of said 
drug: 

(a) a drug in a solubility-improved form; and 

(b) a concentration-enhancing polymer; 
wherein said concentration-enhancing polymer is 
co-administered with said drug in a sufficient amount so 
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that, after introduction to a use environment, a 
dissolution area under the concentration versus time 
curve is provided in said use environment for a period of 
at least 90 minutes during the 1200 minutes immediately 
following introduction to said use environment that is at 
least 1.25 -fold the corresponding area under the curve 
provided by a control composition; 

and wherein said control composition is free 
from said concentration- enhancing polymer and comprises 
an equivalent quantity of said drug in said solubility- 
improved form. 

23. A method of administering a drug 
comprising co- administering to a patient in need of said 
drug : 

(a) a drug in a solubility- improved form; and 

(b) a concentration-enhancing polymer; 
wherein said concentration-enhancing polymer is co- 
administered with said drug in a sufficient amount so 
that, after introduction to a use environment, a relative 
bioavailability is provided of at least 1.25-fold that of 
a control composition, wherein said control composition 
is free from said concentration- enhancing polymer and 
comprises an equivalent quantity of said drug in said 
solubility-improved form. 



24 . An aqueous solution formed by 
administration of a solid drug in a solubility -improved 
form and a concentration-enhancing polymer to a use 
environment, comprising: 

(a) each of said drug and said concentration- 
enhancing polymer being at least 
partially dissolved in said solution; 

(b) at least a portion of said dissolved drug 
being associated with at least a portion 
of said polymer in a plurality of 
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assemblies of drug and polymer, said 
assemblies having a size of from about 10 
to 1000 nanometers; and 
(c) said solution having a maximum 

concentration of said drug that is at 
least 1.25-fold an equilibrium 
concentration of said drug in said use 
environment, and a concentration of said 
drug that exceeds said equilibrium 
concentration for a longer time than the 
concentration of said drug in said use 
environment provided by a control 
composition exceeds said equilibrium 
concentration, wherein said control 
composition is free from said 
concentration-enhancing polymer and 
comprises an equivalent quantity of said 
drug in said solubility- improved form. 

25 The solution of claim 24 wherein said 
dru g in said solubility- improved form is a crystalline 
highly soluble salt form of said drug. 

26 The solution of claim 24 wherein said 
drug in said solubility- improved form is a high-energy 
crystalline form of said drug. 

27 The solution of claim 24 wherein said 
drug in said solubility- improved form is amorphous. 
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28 -""The solution of claim 24 wherein said 
drug in said solubility- improved form is a composition 
comprising a mixture of said drug and a solid 
35 solubilizing agent. 
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29. The solution of claim 24 wherein said use 
environment is in vivo. 

30 The solution of claim 29 wherein said use 
5 environment is selected from the group consisting of the 
GI tract, subcutaneous space, vaginal tract, pulmonary 
tract, arterial and venous blood vessels, and 
intramuscular tissue of an animal. 

31. The solution of claim 24- wherein said use 
environment is in vitro. 

32 The solution of claim 24 wherein said 
concentration-enhancing polymer has a hydrophobic portion 

.5 and a hydrophilic portion. 

33 An aqueous solution formed by 
administration of a drug in a solubility- improved form 
and a concentration- enhancing polymer to a use 

20 environment, comprising: 

20 (a) each of said drug and said concent rat ion- 

enhancing polymer being at least 
partially dissolved in said solution; 
(b) at least a portion of said dissolved drug 
being associated with at least a portion 
of said polymer in a plurality of 
assemblies of drug and polymer, said 
assemblies having a size of from about 10 
to 1000 nanometers; 
( C ) said polymer being selected from the 

group consisting of hydroxypropyl methyl 
cellulose acetate succinate, cellulose 
acetate phthalate, hydroxypropyl methyl 
cellulose phthalate, methyl cellulose 
acetate phthalate, hydroxypropyl 
35 cellulose acetate phthalate, cellulose 

acetate trimellitate, cellulose acetate 
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terephthalate and cellulose acetate 
isophthalate; and 
said solution having a maximum 
concentration of said drug that is at 
least 1.25-fold an equilibrium 
concentration of said drug in said use 
environment, and a concentration of said 
drug that exceeds said equilibrium 
concentration for a longer time than the 
concentration of said drug in said use 
environment provided by a control 
composition exceeds said equilibrium 
concentration, wherein said control 
composition is free from said 
concentration-enhancing polymer and 
comprises an equivalent quantity of said 
drug in said solubility- improved form. 
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